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ANTI-CHRONDROSARCOMA COMPOUNDS 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application is related to the following co-pending applications, which are all 
assigned to a common assignee: 

U.S. Application Serial No. 10/335,207, filed December 30, 2002 (Atty. Docket 
No. 1443.047US1), 

U.S. Application Serial No. 10/219,329, filed August 15, 2002 (Atty. Docket No. 
1443.035US1), 

PCT Application No. PCT/US02/26319 filed August 15, 2002 (Atty. Docket No. 
1443.035WO1), 

U.S. Application Serial No. 10/153,185, filed May 21, 2002 (Atty. Docket No. 
1443.034US1), 

U.S. Application Serial No. 10/032,376, filed December 21, 2001 (Atty. Docket 

No. 1443.008USl),and 
U.S. Provisional Patent Application Serial No. 60/312,726, filed August 16, 2001 
(Atty. Docket No. 1443.008PRV), 
the contents of which applications are hereby incorporated by reference in their entirety. 

20 FIELD OF THE INVENTION 

The invention relates to formulations containing inhibitors of matrix 
metalloproteinases that are useful for treating chrondrosarcomas that may give rise to bone 
malignancies. The inhibitors are peptides having sequences related to the cleavage site of 
the proenzyme forms of matrix metalloproteinases. 

25 

BACKGROUND OF THE INVENTION 

The matrix metalloproteinases (MMPs) include a family of structurally similar zinc- 
dependent enzymes that degrade all of the major components of the extracellular matrix. 
MMPs include the collagenases, gelatinases A and B, the stromelysins, matrilysin, 
30 metalloelastase, and the membrane-type matrix metalloproteinases. Over-expression and 
activation of MMPs have been linked to development of several diseases, such as arthritis, 
cancer, and multiple sclerosis. Although MMPs classically have been implicated in 
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basement membrane destruction associated with late-stage tumor cell invasion and 
metastasis, one MMP member, matrilysin, has recently been shown to be expressed in early 
stage human colorectal tumors. (C. L. Wilson et al., Proc. Natl. Acad. Sci. USA 94: 1402- 
1407 (February 1997)). Expression of MMPs in human chondrosarcoma cells has been 
5 reported. Soderstrom et al. (2001) APMIS 109:305-15; Kerkela et al. (2001) Bone 
29:487-93; Sakamoto et al. (1999) J. Cancer Res. Clin. Oncol. 125:541-48. 

Chondrosarcoma usually occurs in late adulthood or old age, and is the second most 
common form of bone malignancy. Conventional chondrosarcoma tumors are graded from 
stage I through stage III, with stage III being the most advanced. In addition to 
10 conventional chondrosarcoma, there are other types of chondrosarcoma with distinguishing 
characteristics: myxoid, mesenchymal, clear cell, and dedifferentiated (spindle cell) 
chondrosarcoma. 

Consequently, a need exists for agents that can inhibit the growth and spread of 
chrondrosarcoma cells. 

15 

SUMMARY OF THE INVENTION 

The invention provides anti-chrondrosarcoma compositions and methods that 
decrease growth of chondrosarcoma cells. Such methods and compositions are useful for a 
variety of therapeutic purposes. For example, the compositions and methods of the 

20 invention can be used to treat cancer, including chrondrosarcomas and bone cancers. The 
peptides of the invention inhibit metalloproteinases as well as diminishing the growth of 
chrondrosarcoma cells. Various parenterally and non-parenterally administered 
compositions are contemplated, as well as methods of using the peptides to inhibit tumor 
growth and development. 

25 The present invention is therefore directed to peptide inhibitors of matrix 

metalloproteinases for inhibiting chondrosarcoma cell growth. These peptide inhibitors 
have amino acid sequences identical or related to the linking region spanning the two 
globular domains of matrix metalloproteinases. Several types of matrix metalloproteinases 
and their sequences are known, including matrix metalloproteinase-1, matrix 

30 metalloproteinase-2, matrix metalloproteinase-3, matrix metalloproteinase-4, matrix 
metalloproteinase-5, matrix metalloproteinase-6, matrix metalloproteinase-7, matrix 
metalloproteinase-8, and matrix metalloproteinase-9, matrix metalloproteinase-10, matrix 
metalloproteinase-1 1, matrix metalloproteinase-1 2, and matrix metalloproteinase-1 3. The 
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invention contemplates inhibitors having amino acid sequences from the linking region of 
any of the matrix metalloproteinases. For example, peptide inhibitors of the invention can 
have amino acid sequences drawn from any region from about amino acid 70 to about 
amino acid 120 of the matrix metalloproteinase-2 sequence (SEQ ID NO: 14), and 
5 analogous regions of all other matrix metalloproteinases. 

The invention provides peptides of any one of formulae (I), (II), (HI): 

Xaai-Xaa2-Xaa3-Xaa4-Xaas-Xaa6 Xaa7-Xaa«-Xaa9 (I) 

10 Xaajo-Xaai i-Xaa^ Xaa 1 3-Xaa 1 4-Xaa 1 5-Xaa 1 6-Xaa 1 7-Xaa 1 g-Xaa 1 9 (II) 

Xaai-Xaa2-Xaa3-Xaa4-Xaa5-Xaa6-Xaa7-Xaa8-Xaa9-Xaajo-Xaan- 

Xaa 1 2-Xaa 1 3-Xaai 4-Xaa 1 5-Xaa 1 6-Xaa 1 7-Xaa 1 g-Xaa 1 9 (III) 

15 Wherein: 

Xaai, Xaa4, and Xaa* are separately each apolar amino acids; 

Xaa2 is a basic amino acid; 

Xaa 3 is a cysteine-like amino acid; 

Xaa 5 is a polar or aliphatic amino acid; 
20 Xaa7 is an acidic amino acid, 

Xaa 8 is an aliphatic or polar amino acid; 

Xaa9 is an aliphatic, apolar or basic amino acid; 

Xaajo is a polar, acidic, basic or apolar amino acid; 

Xaai 1 is a polar or aromatic amino acid; 
25 Xaai2 is a polar, basic, aliphatic or apolar amino acid; 

Xaai 3 is an aromatic, aliphatic, polar or acidic amino acid; 

Xaaj 4 is an aromatic, apolar or polar amino acid; 

Xaai 5 is an apolar or acidic amino acid; 

Xaai 6 is a basic, a polar or an apolar amino acid; 
30 Xaai 7 is a basic, a polar, an aliphatic, an apolar or an acidic amino acid; 

Xaai g is an apolar or an aliphatic amino acid; 

Xaa 19 is a basic or an aliphatic amino acid; and 



3 



K-C 19248 



wherein the peptide is capable of inhibiting the activity of matrix metalloproteinase-1 , 
matrix metalloproteinase-2, matrix metalloproteinase-3, matrix metalloproteinase-4, matrix 
metalloproteinase-5, matrix metalloproteinase-6, matrix metalloproteinase-7, matrix 
metalloproteinase-8, or matrix metalloproteinase-9, matrix metalloproteinase-10, matrix 
metalloproteinase-1 1, matrix metalloproteinase-1 2, and matrix metalloproteinase-1 3. In 
some embodiments, the peptide can inhibit the activity of matrix metalloproteinase-2, 
matrix metalloproteinase-3, matrix metalloproteinase-7, matrix metalloproteinase-8, or 
matrix metalloproteinase-9. 

An apolar amino acid can be, for example, methionine, glycine or proline. A basic 
amino acid, for example, can be histidine, lysine, arginine, 2,3-diaminopropionic acid, 
ornithine, homoarginine, ?-aminophenylalanine, or 2,4-diaminobutyric acid. Cysteine-like 
amino acids of the invention include, for example, cysteine, homocysteine, penicillamine, 
or 6-methyl cysteine. 

Aliphatic amino acids include, for example, alanine, valine, leucine, isoleucine, t- 
butylalanine, t-butylalanine, N-methylisoleucine, norleucine, N-methylvaline, 
cyclohexylalanine, 6-alanine, N-methylglycine, or a-aminoisobutyric acid. Acidic amino 
acids include, for example, aspartic acid or glutamic acid. Polar amino acids include, for 
example, asparagine, glutamine, serine, threonine, tyrosine, citrulline, N-acetyl lysine, 
methionine sulfoxide, or homoserine, or an apolar amino acid such as methionine, glycine 
or proline. Aromatic amino acids of the invention can be, for example, phenylalanine, 
tyrosine, tryptophan, phenylglycine, naphthylalanine, 6-2-thienylalanine, 1,2,3,4- 
tetrahydro-isoquinoline-3-carboxylic acid, 4-chlorophenylalanine, 2-fluorophenylalanine, 
3-fluorophenylalanine, 4-fluorophenylalanine, pyridylalanine, or 3-benzothienyl alanine. 

The invention also provides peptides of formula (IV)(SEQ ID NO: 18): 

Xaaa-Xaab-Xaac-Xaad-Xaae-XaarXaag-Xaah-Xaaj-Xaaj-Xaak-Xaaf 
Xaam-Xaan-Xaao-Xaap- Xaai -Xaa2-Xaa3-Xaa4-Xaa5-Xaas- 
Xaa7-Xaa8-Xaa9-Xaaj o-Xaai \ -Xaaj 2-Xaai 3-Xaaj4- 



Xaais-Xaai^-Xaan-Xaaig-Xaaig 



(IV) 



wherein: 



Xaa a is proline; 

Xaab is glutamine or glutamic acid; 



Xaai is proline; 
Xaa 2 is arginine; 
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Xaac is threonine; 
Xaaa is glycine; 

Xaae is aspartic acid or glutamic acid; 

Xaaf is leucine; 

Xaag is aspartic acid; 

Xaah is glutamine or serine; 

Xaaj is asparagine or alanine; 

Xaaj is threonine; 

Xaak is isoleucine or leucine; 

XaaL is glutamic acid or lysine; 

Xaa m is threonine or alanine; 

Xaa,, is methionine; 

Xaao is arginine; 

Xaa p is lysine or threonine; 

Xaa n is lysine or aspartic acid; 



Xaa3 is cysteine; 

Xaa» is glycine; 

Xaas is valine or asparagine; 

Xaa^ is proline; 

Xaa7 is aspartic acid; 

Xaag is valine or leucine; 

Xaa9 is alanine or glycine; 

Xaaio is asparagine or arginine; 

Xaai i is tyrosine or phenylalanine; 

Xaa t2 is asparagine or glutamine; 

Xaan is phenylalanine or threonine; 

Xaan is phenylalanine; 

Xaais is proline or glutamic acid; 

Xaai6 is arginine or glycine; 

Xaaig is proline or leucine; 



Xaai9 is lysine; and 

wherein the peptide is capable of inhibiting the activity of a metalloproteinase. For 
example, the matrix metalloproteinase can be matrix metalloproteinase- 1, matrix 
metalloproteinase-2, matrix metalloproteinase-3, matrix metalloproteinase-4, matrix 
metalloproteinase-5, matrix metalloproteinase-6, matrix metalloproteinase-7, matrix 
metalloproteinase-8, and matrix metalloproteinase-9, matrix metalloproteinase- 10, matrix 
metalloproteinase- 1 1, matrix metalloproteinase- 12, or matrix metalloproteinase- 13. 
Desirable peptides inhibit matrix metalloproteinase-2 or matrix metalloproteinase-9. 

Regions from which peptide inhibitors of the invention can be derived, for example, 
from amino acid sequences ranging from about position 70 to about position 120 of SEQ 
ID NO: 14, and analogous regions of other matrix metalloproteinases. In some 
embodiments the peptide inhibitors of the invention have amino acid sequences ranging 
from about position 77 to about position 1 10 of SEQ ID NO: 14, and analogous regions or 
other matrix metalloproteinases. Examples of peptide inhibitors that can be used in the 
invention include those that contain amino acid sequences SEQ ID NO: 1, SEQ ID NO:2, 
SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID 
NO:8, SEQ ID NO:9, SEQ ID NO: 10, SEQ ID NO:l 1, SEQ ID NO: 12, or SEQ ID NO: 13. 
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Peptides of the invention have varying affinities for the different matrix 
metalloproteinases. For example, in one embodiment, the peptide inhibitors can inhibit 
matrix metalloproteinase-2 with a ki of about 1 ,0 pM to about 500.0 \sM. In another 
embodiment, the peptide inhibitors can inhibit matrix metalloproteinase-2 with a ki of 
5 about 1 .0 jiM to about 400.0 pM. In yet another embodiment, the peptide inhibitors can 
inhibit matrix metalloproteinase-2 with a ki of about 1.0 fiM to about 50.0 nM. 

The invention further provides compositions that can decrease growth of 
chrondrosarcoma cells that include an effective amount of peptide of the invention and a 
pharmaceutically acceptable carrier. Such compositions are useful for treating a variety of 
10 bone cancers, chrondrosarcomas and other diseases. 

The invention further provides a method for decreasing growth of chrondrosarcoma 
cells that comprises contacting a chrondrosarcoma cell with an effective amount of a 
peptide of formula I, II, III or IV: 



Xaai -Xaa2-Xaa3-Xaa4-Xaa5-Xaa<5 Xaa7-Xaag-Xaa9 



(I) 



15 



Xaaio-Xaan-Xaai2 Xaai3-Xaai4-Xaa!5-Xaai6-Xaan-Xaai8-Xaai9 (II) 



Xaai-Xaa2-Xaa3-Xaa4-Xaa5-Xaa6-Xaa7-Xaag-Xaa9-Xaaio-Xaan- 



Xaa 1 2 -Xaa 1 3-Xaa 1 4-Xaa 1 5-Xaa 1 $-Xaa 1 7-Xaa 1 g-Xaa 1 9 



(in) 



20 



Xaaa-Xaab-Xaac-Xaaa-Xaae-XaarXaag-Xaah-Xaai-Xaaj-Xaak-XaaL- 
Xaa m -Xaa n -Xaao-Xaap- Xaai -Xaa 2 -Xaa3-Xaa4-Xaa 5 -Xaa6- 
Xaa7-Xaa8~Xaa9-Xaa 1 o-Xaa \ 1 -Xaai 2-Xaai 3 -Xaa 14- 



Xaai 5-Xaa 1 6-Xaa 1 7-Xaai s-Xaa 1 9 



(IV) 



25 



(SEQ ID NO:21) 



wherein: 



30 



Xaai, Xaa4, and Xaa6 are separately each apolar amino acids; 

Xaa2 is a basic amino acid; 

Xaa3 is a cysteine-like amino acid; 

Xaa 5 is a polar or aliphatic amino acid; 

Xaa? is an acidic amino acid, 

Xaag is an aliphatic or polar amino acid; 



6 



. b K-C 19248 



Xaa9 is an aliphatic, apolar or basic amino acid; and 
Xaaio is a polar, acidic, basic or apolar amino acid; 
Xaai i is a polar or aromatic amino acid; 
Xaan is a polar, basic, aliphatic or apolar amino acid; 
5 Xaan is an aromatic, aliphatic, polar or acidic amino acid; 

Xaau is an aromatic, apolar or polar amino acid; 
Xaais is an apolar or acidic amino acid; 
Xaai6 is a basic, a polar or an apolar amino acid; 
Xaan is a basic, a polar, an aliphatic, an apolar or an acidic amino acid; 
10 Xaajg is an apolar or an aliphatic amino acid; 

Xaai9 is a basic or an aliphatic amino acid; 
Xaa a is proline; 

Xaab is glutamine or glutamic acid; 

Xaac is threonine; 
15 Xaa<i is glycine; 

Xaae is aspartic acid or glutamic acid; 

Xaaf is leucine; 

Xaag is aspartic acid; 

Xaat, is glutamine or serine; 
20 Xaaj is asparagine or alanine; 

Xaaj is threonine; 

Xaak is isoleucine or leucine; 

XaaL is glutamic acid or lysine; 

Xaa m is threonine or alanine; 
25 Xaan is methionine; 

Xaao is arginine; and 

Xaap is lysine or threonine; 
wherein the peptide is capable of inhibiting the activity of a matrix metalloproteinase. 

An apolar amino acid in the peptides of the invention can be, for example, 
30 methionine, glycine or proline. The basic amino acid can be, for example, histidine, lysine, 
arginine, 2,3-diaminopropionic acid, ornithine, homoarginine, ?-aminophenylalanine, and 
2,4-diaminobutyric acid. The cysteine-like amino acid can be, for example, cysteine, 
homocysteine, penicillamine, or B-methyl cysteine. The aliphatic amino acid can be, for 
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example, alanine, valine, leucine, isoleucine, t-butylalanine, t-butylalanine, N- 
methylisoleucine, norleucine, N-methylvaline, cyclohexylalanine, B-alanine, N- 
methylglycine, or a-aminoisobutyric acid. The acidic amino acid can be, for example, 
aspartic acid or glutamic acid. A polar amino acid can be asparagine, glutamine, serine, 
5 threonine, tyrosine, citrulline, N-acetyl lysine, methionine sulfoxide, or homoserine, or an 
apolar amino acid such as methionine, glycine or proline. An aromatic amino acid is 
phenylalanine, tyrosine, tryptophan, phenylglycine, naphthylalanine, B-2-thienylalanine, 
l,2,3,4-tetrahydro-isoquinoline-3-carboxylic acid, 4-chlorophenylalanine, 2- 
fluorophenylalanine, 3-fluorophenylalanine, 4-fluorophenylalanine, pyridylalanine, or 3- 

10 benzothienyl alanine. 

In another embodiment the invention provides a method for inhibiting the growth 
and/or development of a tumor (e.g. a chrondrosarcoma) that comprises administering a 
therapeutically effective amount of a peptide of SEQ ID NO: 1 , SEQ ID NO:2, SEQ ID 
NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ 

1 5 ID NO:9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, or SEQ ID NO: 13. 

DESCRIPTION OF THE FIGURES 

Figure 1 provides a CLUSTAL X (version 1.8) multiple sequence alignment of the 
cleavage spanning regions of select MMP proenzymes. Figure 1 A provides an alignment 
20 that highlights conserved residues where an indicates complete identity among the 
sequences, a indicates 7/9 conserved positions, and a V indicates greater than 80% 
identical positions with mostly conserved substitutions. Figure IB indicates the positions 
of heterogeneity in bold. 

Figure 2 provides the structure of proMMP-1 (Protein databank file 1FBL.ENT). 
25 The area of SEQ ID NOS.2-10 shown in Table 1 spans the short region between the two 
large domains. During activation this region is cleaved. 

Figure 3 provides a three-dimensional model of MMP-9. The cleavage region that 
creates the N-terminus of the active proteinase is shown in cross-hatching. The two zinc 
ions are illustrated as spheres. The cleavage domain peptide may bind to the MMP in the 
30 vicinity of its normal location in the proenzyme. This binding (also near the catalytic zinc) 
sterically blocks a portion of the active site. This blockage prevents substrate binding. 

Figure 4 illustrates the inhibition of MMP-9 activity by the 19-mer (SEQ ID 
NO:l 1) cleavage domain peptide. MMP-9 was mixed with the 19-mer (SEQ ID NO:l 1) 
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peptide prior to the FRET assay. The concentrations of the 19-mer (SEQ ID NO: 1 1) 
peptide were as follows: 0 mM (closed circles), 0.01 mM (open circles), 0.03 mM (closed 
squares), 0.06 mM (open squares), 0.125 mM (closed triangles), 0.25 mM (open triangles), 
0.5 mM (x's), 1 mM (inverted closed triangles), 2 mM (inverted open triangles). 
5 Figure 5 illustrates the inhibition of MMP-9 activity by the 10-mer (SEQ ID 

NO: 13) cleavage domain peptide. MMP-9 was mixed with the 10-mer (SEQ ID NO: 13) 
peptide prior to the FRET assay. The concentrations of the 10-mer (SEQ ID NO: 13) 
peptide were as follows: 0 mM (closed triangles), 0.25 mM (open triangles), 0.5 mM (open 
inverted triangles), 1.0 mM (closed inverted triangles), 2.0 mM (x's). 

10 Figure 6 illustrates the inhibition of MMP-9 activity by the 9-mer (SEQ ID NO: 12) 

cleavage domain peptide. MMP-9 was mixed with the 9-mer (SEQ ID NO: 12) peptide 
prior to the FRET assay. The concentrations of the 9-mer (SEQ ID NO: 12) peptide were as 
follows: 0 mM (closed triangles), 0.25 mM (open triangles), 0.5 mM (open inverted 
triangles), 1.0 mM (closed inverted triangles), 2.0 mM (x's). 

15 Figure 7 illustrates the inhibition of MMP-9 activity by the 19-mer (SEQ ID 

NO: 1 1) cleavage domain peptide. MMP-9 was mixed with the 19-mer (SEQ ID NO: 1 1) 
peptide prior to the fluorescent collagen assay. The concentrations of the 19-mer (SEQ ID 
NO: 1 1) peptide were as follows: 0 mM (closed circles), 0.06 mM (open diamonds), 0. 1 
mM (open squares), 0.25 mM (open circles), 0.5 mM (x's). 

20 Figure 8 illustrates a longer time course inhibition of MMP-9 activity by the 19-mer 

(SEQ ID NO: 1 1) cleavage domain peptide. MMP-9 was mixed with the 19-mer (SEQ ID 
NO: 11) peptide prior to the fluorescent collagen assay. The concentrations of the 19-mer 
(SEQ ID NO:l 1) peptide were as follows: 0 mM (closed circles), 0.06 mM (open 
diamonds), 0.1 mM (open squares), 0.25 mM (open circles), 0.5 mM (x's). 

25 Figure 9 illustrates a longer time course inhibition of MMP-9 activity by the 10-mer 

(SEQ ID NO: 13) cleavage domain peptide. MMP-9 was mixed with the 10-mer (SEQ ID 
NO: 13) peptide prior to the fluorescent collagen assay. The concentrations of the 10-mer 
(SEQ ID NO: 13) peptide were as follows: 0 mM (open circles), 0.1 mM (open diamonds), 
0.2 mM (open squares), 0.4 mM (x's). 

30 Figure 10 illustrates a longer time course of inhibition of MMP-9 activity by the 9- 

mer (SEQ ID NO: 1 2) cleavage domain peptide. MMP-9 was mixed with the 9-mer (SEQ 
ID NO: 12) peptide prior to the fluorescent collagen assay. The concentrations of the 9-mer 
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(SEQ ID NO: 12) peptide were as follows: 0 mM (closed circles), 0.06 mM (open 
diamonds), 0.1 mM (open squares), 0.25 mM (open circles), 0.5 mM (x's). 

Figure 1 1 provides the HPLC elution profiles of a typical splicing reaction. The 
arrows indicate that the first peak decreases in area over the course of the reaction (pro- 
5 MMP-9 peak), while the second two peaks (mature MMP-9 and N-terminal cleavage 
product, respectively) increase in area. 

Figure 12 illustrates the conversion of pro-MMP-9 into N-tenninal and C-terminal 
domains by stromilysin. Pro-MMP-9 was reacted with stromilysin in the presence of zero 
(closed circles), 0.5 pM (open squares) or 1.0 jiM (closed squares) 19-mer (SEQ ID 
10 NO: 1 1) peptide. At the times indicated, an aliquot was removed and subjected to HPLC. 
The pro-MMP peak area was integrated and was set to 100 percent for the zero time point 
sample. Open circles represent pro-MMP incubated in buffer without stromilysin or 19- 
mer (SEQ ID NO: 1 1) peptide. 

Figure 13A provides an isothermal titration calorimetry analysis of the interaction 
15 ofthe 19-mer (SEQ ID NO: 11) inhibitor peptide with MMP-9. Each peak shows the heat 
produced by the injection and subsequent binding reaction. Figure 13B provides a binding 
isotherm produced by integrating the value of each injection peak from Figure 13A with 
respect to time. 

Figure 14 provides an isothermal titration calorimetry analysis of the interaction of 
20 the 19-mer (SEQ ID NO: 1 1 ) inhibitor peptide with MMP-2. Figure 14A provides the raw 
isothermal calorimetry data for the titration of 19-mer (SEQ ID NO:l 1) (1 mM) into MMP- 
2 (20 nM) in 20 mM cacodylate (pH 6.8), 10 mM NaCl at 25 °C. Each peak shows the 
heat produced by the injection and subsequent binding reaction. Figure 14B provides a 
binding isotherm produced by integrating the value of each injection peak from Figure 14A 
25 with respect to time. 

Figure 15 provides a surface plasmon resonance binding isotherm generated when 
the 19-mer (SEQ ID NO:l 1) peptide is flowed over a surface of immobilized MMP-9. 

Figure 16 provides a bar graph showing the percent living cells, relative to a 
positive control, in a skin model after treatment with two concentrations of peptide. The 
30 first sample, treated with phosphate buffered saline (PBS), is the positive control used to 
establish the cell count representing 100% viability. The second sample is a negative 
control where cells were exposed to 1% Triton-XlOO, showing that the assay can detect 
cell death. The next three samples are the 19-mer (SEQ ID NO:l 1), the 10-mer (SEQ ID 
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NO: 1 3), and the 9-mer (SEQ ID NO: 12) peptides used at a concentration of 500 jiM. The 
final three samples are the 1 9-mer (SEQ ID NO: 1 1 ), the 1 0-mer (SEQ ID NO: 1 3), and the 
9-mer (SEQ ID NO: 12) peptides used at a concentration of 2 mM. Data shown represent 
the average of three samples. 
5 Figure 17 graphically depicts the time course of wound healing in db/db diabetic 

mice. The plot shows the relative average wound area versus days post wounding for mice 
treated with either normal saline (open circles) or 20 ng/mL of the 1 9-mer peptide (SEQ 
ID NO: 11) (closed circles). Data presented show the mean relative wound diameter 
derived from ten subject animals. 

10 Figure 18 illustrates that 18 hours of exposure to the 1 9-mer (SEQ ID NO: 1 1), and 

the 9-mer (SEQ ID NO: 12) peptide significantly inhibits or depresses growth of 
chrondrosarcoma cells compared to untreated chrondrosarcoma cells. This figure provides 
a bar graph of the absorbance at 490 nm for chrondrosarcoma cells treated with the 1 9-mer 
(SEQ ID NO: 11), the 9-mer (SEQ ID NO: 12) or the 10-mer (SEQ ID NO: 13) peptides. As 

1 5 illustrated, the growth of cells treated with the 1 9-mer (SEQ ID NO: 1 1) or the 9-mer (SEQ 
ID NO: 12) was substantially less than growth of negative control cells (untreated 
chrondrosarcoma cells). The symbol * indicates that a statistically significant decrease in 
growth was observed compared to the control group (p<0.05). 

Figure 19 further illustrates that 72 hours of exposure to the 1 9-mer (SEQ ID 

20 NO: 1 1), 10-mer (SEQ ID NO: 13) and the 9-mer (SEQ ID NO: 12) peptide significantly 
inhibits or depresses growth of chrondrosarcoma cells compared to untreated 
chrondrosarcoma cells. This figure provides a bar graph of the absorbance at 490 nm for 
chrondrosarcoma cells treated with the 19-mer (SEQ ID NO: 1 1), the 9-mer (SEQ ID 
NO: 1 2) or the 1 0-mer (SEQ ID NO: 1 3) peptides. As illustrated, the growth of cells treated 

25 with the 19-mer (SEQ ID NO:l 1), 10-mer (SEQ ID NO:13) or the 9-mer (SEQ ID NO: 12) 
was substantially less than growth of negative control cells (untreated chrondrosarcoma 
cells). The symbol * indicates that a statistically significant decrease in growth was 
observed compared to the control group (p<0.05). 



30 DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides inhibitors of matrix metalloproteinases that are 
useful for decreasing growth and progression of cancers such as chondrosarcomas. 
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Matrix metalloproteinases are produced in vivo as inactive proenzymes. Proteolytic 
cleavage of the proenzyme results in activation and formation of the mature matrix 
metalloproteinase. The peptide sequence that is cleaved off is a proenzyme leader 
sequence of approximately 100 to 110 amino acids in length that is found at the extreme 
5 amino terminus of the protein. According to the invention, these proenzyme leader 

peptides can block the matrix metalloproteinases active site and inhibit the activity of the 
matrix metalloproteinase. Administration of matrix metalloproteinase proenzyme leader 
peptides reduces the rate of extracellular matrix destruction and provides a faster rate of 
wound healing. 

10 Most inhibition strategies involve preventing enzymatic activity of matrix 

metalloproteinases with organic small molecules. These compounds are often toxic to the 
body and are not naturally occurring molecules. Use of natural peptides to inhibit activated 
matrix metalloproteinases provides a high degree of proteinase control without toxic side 
effects. Unlike small molecule inhibition strategies, the peptides of the invention can be 

15 used to inhibit activation of individual or all matrix metalloproteinase classes 

simultaneously. The peptides can be freely administered to a mammal, injected into a 
tumor or cancer site, or introduced onto an appropriate tissue, for example, into the bone. 

The invention provides a high degree of control over the level of proteinase activity 
for treating and preventing the spread of cancer. For example, as some amount of 

20 proteinase activity may be required for some basic physiological processes such as wound 
healing (Agren et al., 1999), one of skill in the art may choose to only partially inhibit 
proteinase activity. By modulating the type and amount of inhibitor peptide applied, the 
degree of matrix metalloproteinase inhibition can be controlled. 

25 Peptide Inhibitors 

According to the present invention, peptides having sequences related to a matrix 
metalloproteinase proenzyme leader in the region of the cleavage site will inhibit the 
activity of many types of matrix metalloproteinases. The cleavage position is at about 
amino acid position 1 10 of the proenzyme amino acid sequence. Peptide inhibitors of the 
30 invention have sequences related to any region within proenzyme amino acid position 70 to 
about amino acid position 120. Such peptides will inhibit the activity of many types of 
matrix metalloproteinases. The present peptides can also prevent the activation of 
proenzyme matrix metalloproteinases, as well as inhibit the enzymatic activity of mature 

12 
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matrix metalloproteinases. Peptides containing sequences that are more conserved in a 
variety of matrix metalloproteinases, for example, sequences toward the N-terminal side of 
the cleavage region, can be used to provide inhibitors that are generally effective against a 
variety of matrix metalloproteinases. However, peptides containing sequences that are less 
5 conserved, for example, sequences toward the C-terminal side of the cleavage region, can 
be used to provide inhibitors that are specific for individual matrix metalloproteinases. 

Hence, peptides with sequences from any proenzyme leader region of a matrix 
metalloproteinase are contemplated by the invention as inhibitors of matrix 
metalloproteinases, as well as variant peptides that have one or more amino acids 

10 substituted for the amino acids that are naturally present in the matrix metalloproteinase. 
Mixtures of peptides with different sequences are also contemplated. 

In general, the peptides, peptide variants, peptide derivatives, and mixtures of 
peptides are formulated and used in a manner that optimizes prevention of tumor 
formation, optimizes tumor reduction, optimizes wound healing, or optimizes the 

15 regeneration of healthy, non-cancerous tissues. Hence, the composition and formulations 
of the present peptides can be varied so that lesser or greater levels of inhibition are 
achieved so long as tumor development is inhibited and healing is promoted. 

The size of a peptide inhibitor can vary. In general, a peptide of only about five 
amino acids can be too small to provide optimal inhibition. However, peptides of more 

20 than about eight to nine amino acids are sufficiently long to provide inhibition. Therefore, 
while the overall length is not critical, peptides longer than about eight amino acids are 
desirable. Desirable peptides can also be longer than about nine amino acids, longer than 
about ten amino acids or even longer than about fifteen amino acids. 

There is no particular upper limit on peptide size. However, it is generally cheaper 

25 to make shorter peptides than longer peptides. Hence, the peptide inhibitors of the 

invention are generally shorter than about one hundred amino acids. Desirable peptide 
inhibitors can also be shorter than about fifty amino acids, shorter than about thirty amino 
acids, or shorter than about twenty five amino acids. In some embodiments, the peptides 
are shorter than about twenty three amino acids. An example of a peptide of the invention 

30 is a peptide having SEQ ID NO: 1 1, with nineteen amino acids. 

The sequences of several representative matrix metalloproteinases from about 
proenzyme amino acid position 70 to about amino acid position 120 are provided in Table 
1. 
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Table 1: Sequences of Matrix Metalloproteinase Cleavage Regions 



MMP 


Sequence 


SEQ ID 


mmp2 


MQKFFGLPQTGDLDQNTIETMRKPRCGNPDVA 
NYNFFPRKPKWD 


NO:2 


mmpl3 

Mr 


MQSFFGLEWGKLDDNTLDVMKKPRCGVPDV 
GEYNVFPRTLKWSKMNLTY 


NO:3 


mmD7 


MQKFFGLPETGKLSPRVMEIMQKPRCGVPDVA 
EFSLMPNSPKWHSRTVTYRIVSYT 


NO:4 


mmp3 


MQKFLGLEVTGKLDSDTLEVMRKPRCGVPDV 
GHFRTFPGIPKWRKTHLTYRIVN 


NO:5 


mmplO 


MQKFLGLEVTGKLDTDTLEVMRKPRCGVPDV 
GHF S S FPGMPK WRKTHLT YRI VNY 


NO:6 


mmpl2 


MOHFLGLKVTGOLDTSTLEMMHAPRCGVPDV 
HHFREMPGGPVWRKHYITYRINN 


NO:7 


mmp9 


LQKQLSLPETGELDSATLKAMRTPRCGVPDLG 
RFQTFEGDLKWHHHN 


NO:8 


mmpl 


MQEFFGLKVTGKPDAETLKVMKQPRCGVPDV 
AQFVLTEGNPRWEQTHLTYRIEN 


NO:9 


mmp8 


MQRFFGLNVTGKPNEETLDMMKKPRCGVPDS 
GGFMLTPGNPKWERTNLTYRIRNY 


NO: 10 



Each of the peptides listed in Table 1, as well as peptides with SEQ ID NO:l, 11,12 and 
13, are contemplated as peptide inhibitors of the invention. Moreover, peptide variants and 
derivatives of the peptides having any of SEQ ID NO: 1-13 are also useful as peptide 
inhibitors. Such peptide variants and derivatives can have one or more amino acid 
substitutions, deletions, insertions or other modifications so long as the peptide variant or 
derivative can inhibit a matrix metalloproteinase. 

Amino acid residues of the isolated peptides can be genetically encoded L-amino 
acids, naturally occurring non-genetically encoded L-amino acids, synthetic L-amino acids 
or D-enantiomers of any of the above. The amino acid notations used herein for the twenty 
genetically encoded L-amino acids and common non-encoded amino acids are 
conventional and are as shown in Table 2. 
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Table 2 



Amino Acid 


One-Letter Symbol 


Common Abbreviation 


Alanine 


A 


Ala 


Arginine 


R 


Arg 


Asparagine 


N 


Asn 


Aspartic acid 


D 


Asp 


Cysteine 


C 


Cys 


Glutamine 


Q 


Gin 


Glutamic acid 


E 


Glu 


Glycine 


G 


Gly 


Histidine 


H 


His 


Isoleucine 


I 


He 


Leucine 


L 


Leu 


Lysine 


K 


Lys 


Methionine 


M 


Met 


Phenylalanine 


F 


Phe 


Proline 


P 


Pro 


Serine 


S 


Ser 


Threonine 


T 


Thr 


Tryptophan 


W 


Trp 


Tyrosine 


Y 


Tyr ! 


Valine 


V 


Val 


6- Alanine 




bAla 


2 ,3 -Diaminopropionic 
acid 




Dpr 


a-Aminoisobutyric acid 




Aib 


N-Methylglycine 
(sarcosine) 




MeGly 


Ornithine 




Orn 


Citrulline 




Cit 


t-Butylalanine 




t-BuA 
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Amino Acid 


One-Letter Symbol 


Common Abbreviation 


t-Butylglycine 




t-BuG 


N-metbylisoleucine 




Melle 


Phenylglycine 




Phg 


Cyclohexylalanine 




Cha 


Norleucine 




Nle 1 


Naphthylalanine 




Nal 


Pyridylalanine 






3-Benzothienyl alanine 






4-Chlorophenylalanine 




Phe(4-Cl) 


2-Fluorophenylalanine 




Phe(2-F) 


3-Fluorophenylalanine 




Phe(3-F) 


4-Fluorophenylalanine 




Phe(4-F) 


Penicillamine 




Pen 


1 ,2,3,4-Tetrahydro- 

isoquinoline-3-carboxylic 

acid 




Tic 


B-2-thienylalanine 




Thi 


Methionine sulfoxide 




MSO 


Homoarginine 




hAre 


N-acetyl lysine 




AcLys 


2,4-Diamino butyric acid 




Dbu 


? - Aminophenylalanine 




Phe(pNH 2 ) 


N-methylvaline 




MeVal 


Homocysteine 




hCys 


Homoserine 




hSer 


e- Amino hexanoic acid 




Aha 


d-Amino valeric acid 




Ava 


2,3-Diaminobutyric acid 




Dab 



Peptides that are encompassed within the scope of the invention can have one or 
more amino acids substituted with an amino acid of similar chemical and/or physical 
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properties, so long as these variant or derivative peptides retain the ability to inhibit the 
activity of a matrix metalloproteinase. 

Amino acids that are substitutable for each other generally reside within similar 
classes or subclasses. As known to one of skill in the art, amino acids can be placed into 
5 three main classes: hydrophilic amino acids, hydrophobic amino acids and cysteine-like 
amino acids, depending primarily on the characteristics of the amino acid side chain. 
These main classes may be further divided into subclasses. Hydrophilic amino acids 
include amino acids having acidic, basic or polar side chains and hydrophobic amino acids 
include amino acids having aromatic or apolar side chains. Apolar amino acids may be 

10 further subdivided to include, among others, aliphatic amino acids. The definitions of the 
classes of amino acids as used herein are as follows: 

"Hydrophobic Amino Acid" refers to an amino acid having a side chain that is 
uncharged at physiological pH and that is repelled by aqueous solution. Examples of 
genetically encoded hydrophobic amino acids include He, Leu and Val. Examples of non- 

1 5 genetically encoded hydrophobic amino acids include t-BuA. 

"Aromatic Amino Acid" refers to a hydrophobic amino acid having a side chain 
containing at least one ring having a conjugated p-electron system (aromatic group). The 
aromatic group may be further substituted with substituent groups such as alkyl, alkenyl, 
alkynyl, hydroxyl, sulfonyl, nitro and amino groups, as well as others. Examples of 

20 genetically encoded aromatic amino acids include phenylalanine, tyrosine and tryptophan. 
Commonly encountered non-genetically encoded aromatic amino acids include 
phenylglycine, 2-naphthylalanine, 6-2-thienylalanine, l,2,3,4-tetrahydroisoquinoline-3- 
carboxylic acid, 4-chlorophenylalanine, 2-fluorophenylalanine, 3-fluorophenylalanine and 
4-fluorophenylalanine. 

25 "Apolar Amino Acid" refers to a hydrophobic amino acid having a side chain that is 

generally uncharged at physiological pH and that is not polar. Examples of genetically 
encoded apolar amino acids include glycine, proline and methionine. Examples of non- 
encoded apolar amino acids include Cha. 

"Aliphatic Amino Acid" refers to an apolar amino acid having a saturated or 

30 unsaturated straight chain, branched or cyclic hydrocarbon side chain. Examples of 

genetically encoded aliphatic amino acids include Ala, Leu, Val and He. Examples of non- 
encoded aliphatic amino acids include Nle. 

17 
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"Hydrophilic Amino Acid" refers to an amino acid having a side chain that is 
attracted by aqueous solution. Examples of genetically encoded hydrophilic amino acids 
include Ser and Lys. Examples of non-encoded hydrophilic amino acids include Cit and 
hCys. 

5 "Acidic Amino Acid" refers to a hydrophilic amino acid having a side chain pK 

value of less than 7. Acidic amino acids typically have negatively charged side chains at 
physiological pH due to loss of a hydrogen ion. Examples of genetically encoded acidic 
amino acids include aspartic acid (aspartate) and glutamic acid (glutamate). 

"Basic Amino Acid" refers to a hydrophilic amino acid having a side chain pK 

10 value of greater than 7. Basic amino acids typically have positively charged side chains at 
physiological pH due to association with hydronium ion. Examples of genetically encoded 
basic amino acids include arginine, lysine and histidine. Examples of non-genetically 
encoded basic amino acids include the non-cyclic amino acids ornithine, 2,3- 
diaminopropionic acid, 2,4-diaminobutyric acid and homoarginine. 

1 5 "Polar Amino Acid" refers to a hydrophilic amino acid having a side chain that is 

uncharged at physiological pH, but which has a bond in which the pair of electrons shared 
in common by two atoms is held more closely by one of the atoms. Examples of 
genetically encoded polar amino acids include asparagine and glutamine. Examples of 
non-genetically encoded polar amino acids include citrulline, N-acetyl lysine and 

20 methionine sulfoxide. 

"Cysteine-Like Amino Acid" refers to an amino acid having a side chain capable of 
forming a covalent linkage with a side chain of another amino acid residue, such as a 
disulfide linkage. Typically, cysteine-like amino acids generally have a side chain 
containing at least one thiol (SH) group. Examples of genetically encoded cysteine-like 

25 amino acids include cysteine. Examples of non-genetically encoded cysteine-like amino 
acids include homocysteine and penicillamine. 

As will be appreciated by those having skill in the art, the above classifications are 
not absolute. Several amino acids exhibit more than one characteristic property, and can 
therefore be included in more than one category. For example, tyrosine has both an 

30 aromatic ring and a polar hydroxyl group. Thus, tyrosine has dual properties and can be 
included in both the aromatic and polar categories. Similarly, in addition to being able to 
form disulfide linkages, cysteine also has apolar character. Thus, while not strictly 
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classified as a hydrophobic or apolar amino acid, in many instances cysteine can be used to 
confer hydrophobicity to a peptide. 

Certain commonly encountered amino acids that are not genetically encoded and 
that can be present, or substituted for an amino acid, in the peptides and peptide analogues 
5 of the invention include, but are not limited to, B-alanine (b-Ala) and other omega-amino 
acids such as 3-aminopropionic acid (Dap), 2,3-diaminopropionic acid (Dpr), 4- 
aminobutyric acid and so forth; a-aminoisobutyric acid (Aib); e-aminohexanoic acid (Aha); 
d-aminovaleric acid (Ava); methylglycine (MeGly); ornithine (Ora); citrulline (Cit); t- 
butylalanine (t-BuA); t-butylglycine (t-BuG); N-methylisoleucine (Melle); phenylglycine 

10 (Phg); cyclohexylalanine (Cha); norleucine (Nle); 2-naphthylalanine (2-Nal); 4- 

chlorophenylalanine (Phe(4-Cl)); 2-fluorophenylalanine (Phe(2-F)); 3-fluorophenylalanine 
(Phe(3-F)); 4-fluorophenylalanine (Phe(4-F)); penicillamine (Pen); 1,2,3,4- 
tetrahydroisoquinoline-3-carboxylic acid (Tic); |3-2-thienylalanine (Thi); methionine 
sulfoxide (MSO); homoarginine (hArg); N-acetyl lysine (AcLys); 2,3-diaminobutyric acid 

15 (Dab); 2,3-diaminobutyric acid (Dbu); p-aminophenylalanine (Phe(pNH 2 )); N-methyl 

valine (MeVal); homocysteine (hCys) and homoserine (hSer). These amino acids also fall 
into the categories defined above. 

The classifications of the above-described genetically encoded and non-encoded 
amino acids are summarized in Table 3, below. It is to be understood that Table 3 is for 

20 illustrative purposes only and does not purport to be an exhaustive list of amino acid 

residues that may comprise the peptides and peptide analogues described herein. Other 
amino acid residues that are useful for making the peptides and peptide analogues 
described herein can be found, e.g., in Fasman, 1989, CRC Practical Handbook of 
Biochemistry and Molecular Biology, CRC Press, Inc., and the references cited therein. 

25 Amino acids not specifically mentioned herein can be conveniently classified into the 
above-described categories on the basis of known behavior and/or their characteristic 
chemical and/or physical properties as compared with amino acids specifically identified. 
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TABLE 3 



Classification 


Genetically Encoded 

•* 


Genetically Non-Encoded 


Hydrophobic 






Aromatic 


F, Y, W 


Phg, Nal, Thi, Tic, Phe(4-Cl), 
Phe(2-F), Phe(3-F), Phe(4-F), 
Pyridyl Ala, Benzothienyl Ala 


Apolar 


M, G,P 




Aliphatic 


A, V, L, I 


t-BuA, t-BuG, Melle, Nle, 
MeVal, Cha, bAla, MeGly, Aib 


Hydrophilic 






Acidic 


D,E 




Basic 


H, K,R 


Dpr, Orn, bArg, Phe(p-NH 2 ), 
DBU, A 2 BU 


Polar 


Q,N,S,T,Y 


Cit, AcLys, MSO, hSer 


Cysteine-Like 


C 


Pen, hCys, B-methyl Cys 



Peptides of the invention can have any amino acid substituted by any similarly classified 
amino acid to create a variant or derivative peptide, so long as the peptide variant retains an 
ability to inhibit the activity of a matrix metalloproteinase. 

In one embodiment, the peptide inhibitors of the invention include any one of 
peptide formulae I, II or III. 

Xaai -Xaa 2 -Xaa 3 -Xaa4-Xaa5-Xaa6 Xaa 7 -Xaa 8 -Xaa 9 (I) 

Xaaio-Xaai |-Xaai2 Xaai3-Xaaj 4 -Xaai5-Xaai6-Xaaj7-Xaai8-Xaai9 (II) 

Xaai-Xaa 2 -Xaa3-Xaa4-Xaa5-Xaa6-Xaa7-Xaa8-Xaa 9 -Xaaio-Xaan- 

Xaai2-Xaai3-Xaai4-Xaai5-Xaai6-Xaai7-Xaai8-Xaai9 (III) 

wherein 

Xaaj, Xaa4, and Xaa6 are separately each apolar amino acids, for example, 
methionine, glycine or proline; 
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Xaa2 is a basic amino acid, for example, histidine, lysine, arginine, 2,3- 
diaminopropionic acid, ornithine, homoarginine, ?-aminophenylalanine, and 2,4- 
diaminobutyric acid; 

Xaa3 is a cysteine-like amino acid, for example, cysteine, homocysteine, 
5 penicillamine, or B-methyl cysteine; 

Xaas is a polar or aliphatic amino acid, for example, a polar amino such as 
asparagine, glutamine, serine, threonine, tyrosine, citrulline, N-acetyl lysine, methionine 
sulfoxide, or homoserine, or an aliphatic amino acid such as alanine, valine, leucine, 
isoleucine, t-butylalanine, t-butylalanine, N-methylisoleucine, norleucine, N-methylvaline, 
10 cyclohexylalanine, 6-alanine, N-methylglycine, or a -aminoisobutyric acid; 

Xaa7 is an acidic amino acid, for example, aspartic acid or glutamic acid; 

Xaag is an aliphatic or polar amino acid, for example an aliphatic amino acid such 
as alanine, valine, leucine, isoleucine, t-butylalanine, t-butylalanine, methylisoleucine, 
norleucine, N-methylvaline, cyclohexylalanine, 6-alanine, N-methylglycine, or a- 
15 aminoisobutyric acid, or a polar amino acid such as asparagine, glutamine, serine, 
threonine, tyrosine, citrulline, N-acetyl lysine, methionine sulfoxide, or homoserine; 

Xaa 9 is an aliphatic, apolar or basic amino acid, for example, an aliphatic amino 
acid such as alanine, valine, leucine, isoleucine, t-butylalanine, t-butylalanine, N- 
methylisoleucine, norleucine, N-methylvaline, cyclohexylalanine, B-alanine, N- 
20 methylglycine, or a -aminoisobutyric acid, an apolar amino acid such as methionine, 
glycine or proline, or a basic amino acid such as histidine, lysine, arginine, 2,3- 
diaminopropionic acid, ornithine, homoarginine, ?-amino-phenylalanine, and 2,4- 
diaminobutyric acid; 

Xaajo is a polar, acidic, basic or apolar amino acid, for example, a polar amino acid 
25 such as asparagine, glutamine, serine, threonine, tyrosine, citrulline, N-acetyl lysine, 
methionine sulfoxide, or homoserine, an acidic amino acid such as aspartic acid or 
glutamic acid, a basic amino acid such as histidine, lysine, arginine, 2,3-diaminopropionic 
acid, ornithine, homoarginine, ? -amino-phenylalanine, and 2,4-diaminobutyric acid, or an 
apolar amino acid such as methionine, glycine or proline; 
30 Xaai \ is a polar or aromatic amino acid, for example, a polar amino acid such as 

asparagine, glutamine, serine, threonine, tyrosine, citrulline, N-acetyl lysine, methionine 
sulfoxide, or homoserine, or an aromatic amino acid such as phenylalanine, tyrosine, 
tryptophan, phenylglycine, naphthylalanine, 6-2-thienylalanine, 1,2,3,4-tetrahydro- 
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isoquinoline-3-carboxylic acid, 4-chlorophenylalanine, 2-fluorophenylalanine, 3- 
fluorophenylalanine, 4-fluorophenylalanine, pyridylalanine, or 3-benzothienyl alanine; 

Xaaj2 is a polar, basic, aliphatic or apolar amino acid, for example, a polar amino 
acid such asparagine, glutamine, serine, threonine, tyrosine, citrulline, N-acetyl lysine, 
5 methionine sulfoxide, or homoserine, or a basic amino acid such as histidine, lysine, 

arginine, 2,3-diaminopropionic acid, ornithine, homoarginine, ? -amino-phenylalanine, and 
2,4-diaminobutyric acid, or an aliphatic amino acid such as alanine, valine, leucine, 
isoleucine, t-butylalanine, t-butylalanine, N-methylisoleucine, norleucine, N-methylvaline, 
cyclohexylalanine, B-alanine, N-methylglycine, or a-aminoisobutyric acid, or an apolar 

10 amino acid such as methionine, glycine or proline ; 

Xaan is an aromatic, aliphatic, polar or acidic amino acid, for example, an aromatic 
amino acid such as phenylalanine, tyrosine, tryptophan, phenylglycine, naphthylalanine, 6- 
2-thienylalanine, l,2,3,4-tetrahydro-isoquinoline-3-carboxylic acid, 4-chlorophenylalanine, 
2-fluorophenylalanine, 3-fluorophenylalanine, 4-fluorophenylalanine, pyridylalanine, or 3- 

15 benzothienyl alanine, or an aliphatic amino acid such as alanine, valine, leucine, isoleucine, 
t-butylalanine, t-butylalanine, N-methylisoleucine, norleucine, N-methylvaline, 
cyclohexylalanine, B-alanine, N-methylglycine, or a-aminoisobutyric acid, or a polar amino 
acid such as asparagine, glutamine, serine, threonine, tyrosine, citrulline, N-acetyl lysine, 
methionine sulfoxide, or homoserine, or an acidic amino acid such as aspartic acid or 

20 glutamic acid; 

Xaa !4 is an aromatic, apolar or polar amino acid, for example, an aromatic amino 
acid such as phenylalanine, tyrosine, tryptophan, phenylglycine, naphthylalanine, B-2- 
thienylalanine, l,2,3,4-tetrahydro-isoquinoline-3-carboxylic acid, 4-chlorophenylalanine, 
2-fluorophenylalanine, 3-fluorophenylalanine, 4-fluorophenylalanine, pyridylalanine, or 3- 

25 benzothienyl alanine, or an apolar amino acid such as methionine, glycine or proline, or a 
polar amino acid such as asparagine, glutamine, serine, threonine, tyrosine, citrulline, N- 
acetyl lysine, methionine sulfoxide, or homoserine; 

Xaa !5 is an apolar or acidic amino acid, for example, an apolar amino acid such as 
methionine, glycine or proline, or an acidic amino acid such as aspartic acid or glutamic 

30 acid; 

Xaai6 is a basic, a polar or an apolar amino acid, for example, a basic amino acid 
such as histidine, lysine, arginine, 2,3-diaminopropionic acid, ornithine, homoarginine, ?- 
amino-phenylalanine, and 2,4-diaminobutyric acid; or a polar amino acid such as 
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asparagine, glutamine, serine, threonine, tyrosine, citrulline, N-acetyl lysine, methionine 
sulfoxide, or homoserine, or an apolar amino acid such as methionine, glycine or proline; 

Xaa n is a basic, a polar, an aliphatic, an apolar or an acidic amino acid, for 
example, a basic amino acid such as histidine, lysine, arginine, 2,3-chaminopropionic acid, 
5 ornithine, homoarginine, ? -amino-phenylalanine, and 2,4-diaminobutyric acid, or a polar 
amino acid such as asparagine, glutamine, serine, threonine, tyrosine, citrulline, N-acetyl 
lysine, methionine sulfoxide, or homoserine, or an aliphatic amino acid such as alanine, 
valine, leucine, isoleucine, t-butylalanine, t-butylalanine, N-methylisoleucine, norleucine, 
N-methylvaline, cyclohexylalanine, B-alanine, N-methylglycine, or a-aminoisobutyric acid, 

10 or an apolar amino acid such as methionine, glycine or proline, or an acidic amino acid 
such as aspartic acid or glutamic acid; 

Xaajg is an apolar or an aliphatic amino acid, for example, an apolar amino acid 
such as methionine, glycine or proline, or an aliphatic amino acid such as alanine, valine, 
leucine, isoleucine, t-butylalanine, t-butylalanine, N-methylisoleucine, norleucine, N- 

15 methylvaline, cyclohexylalanine, B-alanine, N-methylglycine, or a-aminoisobutyric acid; 
and 

Xaai9 is a basic or an aliphatic amino acid, for example, a basic amino acid such as 
histidine, lysine, arginine, 2,3-diaminopropionic acid, ornithine, homoarginine, ?-amino- 
phenylalanine, and 2,4-diaminobutyric acid, or an aliphatic amino acid such as alanine, 
20 valine, leucine, isoleucine, t-butylalanine, t-butylalanine, N-methylisoleucine, norleucine, 
N-methylvaline, cyclohexylalanine, B-alanine, N-methylglycine, or a-aminoisobutyric acid. 
In some embodiments: 
Xaai is proline, 
Xaa2 is arginine, 
25 Xaa3 is cysteine, 

Xaa4 is glycine, 
Xaas is valine or asparagine, 
Xaa6 is proline, 
Xaa7 is aspartic acid, 
30 Xaas is valine, leucine, or serine, 

Xaa9 is alanine, glycine or histidine, 

Xaaio is asparagine, aspartic acid, histidine, arginine, glutamine or glycine, 
Xaai i is tyrosine or phenylalanine, 

23 



K-C 19248 



Xaai2 is asparagine, serine, arginine, glutamine, valine or methionine, 
Xaan is phenylalanine, valine, leucine, threonine, serine, or glutamic acid, 
Xaaj4 is phenylalanine, methionine or threonine, 
Xaai 5 is proline or glutamic acid, 
5 Xaaj6 is arginine, asparagine or glycine, 

Xaan is lysine, threonine, serine, isoleucine, methionine, glycine, aspartic 

acid or asparagine, 
Xaaig is proline or leucine, and 
Xaai9 is lysine, valine or arginine. 
10 Desirable peptides of the invention also include the sequences defined by SEQ ID 

NO: 1-13. One example of a desirable peptide is nineteen amino acid peptide having SEQ 
ID NO: 1 1 (PRCGNPDVANYNFFPRKPK). This peptide (SEQ ID NO: 1 1) spans the 
cleavage site of MMP-2. Two smaller peptides (PRCGNPDVA (SEQ ID NO: 12) and 
NYNFFPRKPK (SEQ ID NO: 13)), that represent approximate halves of the SEQ ID 
15 NO:l 1 peptide, are also desirable peptides. All three peptides inhibit MMP-9 activity and 
other matrix metalloproteinase enzymes to a varying degree. 

A single peptide having a sequence identical to that of a matrix metalloproteinase 
cleavage region can be used to inhibit the activity of a single or a few matrix 
metalloproteinases. A formulation of such a single peptide will inhibit one or more, but 
20 generally not all, matrix metalloproteinase. Such partial inhibition of matrix 

metalloproteinase activity may facilitate healing. Alternatively, two or more peptides can 
be combined to target two or more matrix metalloproteinases that may provide more 
complete inhibition of matrix metalloproteinase activity. 

One of skill in the art can design an appropriate peptide inhibitor or combination of 
25 peptide inhibitors to achieve the quality and quantity of inhibition desired using available 
teachings in combination with the teachings provided herein. "Quality" of inhibition refers 
to the type of matrix metalloproteinase inhibited. Different matrix metalloproteinases can 
have somewhat different substrates and sites of activity. "Quantity" of inhibition refers to 
the overall amount of inhibition from all matrix metalloproteinases. By modulating the 
30 type and quantity of peptide inhibitor used, the quality and quantity of inhibition can be 

modulated. One of skill in the art can readily make modifications to the peptides provided 
by the invention and observe the type and degree to which a given matrix metalloproteinase 
is inhibited. 
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For example, one of skill in the art can compare and align the peptide sequences 
shown in Figure 1 and design a peptide inhibitor to achieve the quality and quantity of 
inhibition desired. In one embodiment, provided by way of example, the aligned amino 
acid sequences for three matrix metalloproteinases, mmp2, mmp9 and mmpl, are 
5 compared to identify regions of homology and regions of divergence in sequence. 



MMP SEQUENCE SEQ IP NO 

mmp2 : MQKFFGLPQTGDLDQNTIETMRKPRCGNPDVANYNFFPRKPKW NO: 15 

mmp9 : LQKQLSLPETGELDSATLKAMRTPRCGVPDLGRFQTFEGDLKW NO : 16 

10 mmpl: MQE F FG LKVT GKP DAET L KVMKQ PRCG V P D VAQ FVLTE GNPRW NO: 17 

In this sequence alignment, bold denotes amino acids found in MMP-1 that are not found in 
MMP-2 or MMP -9, and underlining shows amino acids found in MMP-1 and only in 
MMP-2 or MMP-9. 

15 In one embodiment, it is desirable to inhibit MMPs-2 and 9, but to keep the level of 

MMP-1 relatively unregulated in order to inhibit tumor development or to heal chronic 
wounds. Based on the sequence alignment above one of skill in the art can design a 
peptide with amino acids that are found in MMP2 and MMP 9 proenzyme sequences but 
not in the MMP1 proenzyme sequence, to produce a peptide that will inhibit MMP-2 and 

20 MMP-9, while leaving MMP-1 uninhibited. Such a peptide is provided by formula IV 
(SEQ ID NO: 18). 



25 



30 



Xaa a -Xaab-Xaac-Xaad-Xaae-Xaaf-Xaag-Xaah-Xaai-Xaaj-Xaak-XaaL- 
Xaa m -Xaa n -Xaao-Xaa p ~ Xaaj -Xaa2-Xaa3-Xaa4-Xaa5-Xaa6- 
Xaa7-Xaa8-Xaa9-Xaaio-Xaan-Xaai2-Xaai3-Xaai4- 
Xaa 1 5-Xaa j 6-Xaa 1 7-Xaa 1 8-Xaa \ 9 



wherein: 



Xaa a is proline; 

Xaa b is glutamine or glutamic acid; 
Xaac is threonine; 
Xaaa is glycine; 

Xaae is aspartic acid or glutamic acid; 



(IV) 



Xaaj is proline; 
Xaa2 is arginine; 
Xaa3 is cysteine; 
Xaa4 is glycine; 

Xaa 5 is valine or asparagine, desirably 
asparagine; 
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Xaaf is leucine; 
Xaag is aspartic acid; 
Xaaj, is glutamine or serine; 

5 Xaaj is asparagine or alanine; 

Xaaj is threonine; 
Xaak is isoleucine or leucine, 
desirably isoleucine; 
10 XaaL is glutamic acid or lysine, 

desirably glutamic acid; 
Xaa m is threonine or alanine; 
Xaan is methionine; 

15 Xaao is arginine; 

Xaap is lysine or threonine; 
Xaai7 is lysine or aspartic acid; 
Xaaj 9 is lysine. 

20 

Peptide Modifications 

The invention also contemplates modifying the peptide inhibitors to stabilize them, 
to facilitate their uptake and absorption and to improve any other characteristic or property 
of the peptides that is known to one of skill in art. For example, the peptide inhibitors can 
25 be cyclized, charges on the peptide inhibitors can be neutralized, and the peptides can be 
linked to other chemical moieties. 

Peptides can be cyclized by any method available to one of skill in the art. For 
example, the N-terminal and C-terminal ends can be condensed to form a peptide bond by 
known procedures. Functional groups present on the side chains of amino acids in the 
30 peptides can also be joined to cyclize the peptides of the invention. For example, 

functional groups that can form covalent bonds include --COOH and -OH; --COOH and - 
-NH 2 ; and — COOH and — SH. Pairs of amino acids that can be used to cyclize a peptide 
include, Asp and Lys; Glu and Lys; Asp and Arg; Glu and Arg; Asp and Ser, Glu and Ser, 

26 



Xaa6 is proline; 

Xaa? is aspartic acid; 

Xaag is valine or leucine, desirably 

leucine; 

Xaa9 is alanine or glycine, desirably 
glycine; 

Xaaio is asparagine or arginine; 

Xaai i is tyrosine or phenylalanine, 

desirably tyrosine; 

Xaan is asparagine or glutamine; 

Xaan is phenylalanine or threonine; 

Xaan is phenylalanine; 

Xaai 5 is proline or glutamic acid, 

desirably proline; 

Xaai6 is arginine or glycine, desirably 
arginine; 

Xaajg is proline or leucine, 
desirably leucine; and 
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Asp and Thr, Glu and Thr, Asp and Cys; and Glu and Cys. Other examples of amino acid 
residues that are capable of forming covalent linkages with one another include cysteine- 
like amino acids such Cys, hCys, B-methyl-Cys and Pen, which can form disulfide bridges 
with one another. Examples of cysteine-like amino acid residues include Cys and Pen. 
5 Other pairs of amino acids that can be used for cyclization of the peptide will be apparent 
to those skilled in the art. 

The groups used to cyclize a peptide need not be amino acids. Examples of 
functional groups capable of forming a covalent linkage with the amino terminus of a 
peptide include carboxylic acids and esters. Examples of functional groups capable of 

10 forming a covalent linkage with the carboxyl terminus of a peptide include —OH, — SH, — 
NH 2 and — NHR where R is (C, - C 6 ) alkyl, (d - C 6 ) alkenyl and (C, - C 6 ) alkynyl. 

The variety of reactions between two side chains with functional groups suitable for 
forming such interlinkages, as well as reaction conditions suitable for forming such 
interlinkages, will be apparent to those of skill in the art. Reaction conditions used to 

1 5 cyclize the peptides are generally sufficiently mild so as not to degrade or otherwise 

damage the peptide. Suitable groups for protecting the various functionalities as necessary 
are well known in the art (see, e.g., Greene & Wuts, 1991, 2nd ed., John Wiley & Sons, 
NY), as are various reaction schemes for preparing such protected molecules. 

In one embodiment the charges at the N-terminal and C-terminal ends are 

20 effectively removed. This can be done by any method available to one of skill in the art, 
for example, by acetylating the N-terminus and amidating the C-terminus. 

Methods for preparing cyclic peptides and modifying peptide in other ways are 
well-known in the art (see, e.g., Spatola, 1983, Vega Data 1(3) for a general review); 
Spatola, 1983, "Peptide Backbone Modifications" In: Chemistry and Biochemistry of 

25 Amino Acids Peptides and Proteins (Weinstein, ed.), Marcel Dekker, New York, p. 267 
(general review); Morley, 1980, Trends Pharm. Sci. 1:463-468; Hudson et al., 1979, Int. J. 
Prot. Res. 14:177-185 (~CH 2 NH~, -CH 2 CH 2 -); Spatola et al., 1986, Life Sci. 
38:1243-1249 (--CH 2 -S); Hann, 1982, J. Chem. Soc. Perkin Trans. I. 1:307-314 (-CH - 
CH-, cis and trans); Almquist et al., 1980, J. Med. Chem. 23:1392-1398 (-CO CH 2 --); 

30 Jennings-White et al., Tetrahedron. Lett. 23:2533 (-CO CH 2 --); European Patent 

Application EP 45665 (1982) CA:97:39405 (-CH(OH) CH 2 --); Holladay et al., 1983, 
Tetrahedron Lett. 24:4401-4404 (--C(OH)CH 2 ~); and Hruby, 1982, Life Sci. 31:189-199 (- 
-CH 2 -S-). 
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Anti-Cancer Utility 

According to the invention, the peptides provided herein are useful as anti-cancer 
agents. For example, the peptides of the invention can be used to diminish the growth of 
5 chondrosarcoma cells. Diseases involving inappropriate growth of chondrosarcoma cells 
include cancers, tumors, and the like. As used herein, the term "cancer or tumor" refers to 
any neoplastic disorder, including carcinomas, sarcomas and carcinosarcomas. Cancers 
and tumors can be metastatic, non-metastatic, vascularized, non- vascularized, hard or soft. 
The compositions and methods of the invention can be used to treat or prevent 

10 conventional chondrosarcoma tumors, including those graded stage I through stage III, as 
well as other types of chondrosarcomas such as myxoid chondrosarcoma, mesenchymal 
chondrosarcoma, clear cell chondrosarcoma, dedifferentiated (spindle cell) 
chondrosarcomas, osteogenic sarcoma and the metastatic lesions secondary to these 
primary tumors. In general, any such neoplastic lesion may be treated according the 

1 5 present invention. 

Peptides of the invention can therefore be used to inhibit tumor growth, 
development, metastasis and progression. Individual peptides, peptide variants, peptide 
derivatives and mixtures of peptides with different sequences can be combined in a 
formulation to prevent tumor growth, development, metastasis and/or progression. 

20 Optimal physiological functioning in conjunction with inhibiting tumor development may 
require some matrix metalloproteinase activity. Hence, the compositions and formulations 
of the present invention do not necessarily promote maximal inhibition of matrix 
metalloproteinases. Instead, the activity of the peptide inhibitor formulation is varied as 
needed to optimize physiological functioning while also inhibiting tumor growth and 

25 development. Lesser or greater levels of inhibition can be achieved by varying the type, 
content and amount of inhibitor peptides so that normal physiological functioning and 
tumor destruction are promoted. 

To inhibit tumor development, promote tumor destruction, and support 
physiological processes, peptides of the invention are administered to a mammal in any 

30 manner chosen by one of skill in the art. For example, peptides can be formulated into a 
therapeutic composition containing a therapeutically effective amount of one or more 
peptides and a pharmaceutical carrier. Such a composition can be administered orally, 
parenterally or locally. Injectable solutions or suspensions of the present peptides can be 
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made. Sustained release formulations can be utilized that can be administered orally or that 
can be implanted at the site of a cancer or tumor. Peptides can be administered in a drug 
delivery device that is implanted in a convenient location, for example, near a tumor or 
within an organ or bone that is believed to be cancerous or to be susceptible to cancer or 
5 tumor formation. 

In another embodiment, peptides of the invention can be formulated into a 
therapeutic device or drug delivery device containing a therapeutically effective amount of 
one or more peptides impregnated into the device. The therapeutic or drug delivery device 
can permit release of the peptide inhibitor in an uncontrolled or a controlled manner. 
10 Hence, the therapeutic or drug delivery devices of the invention can provide slow or timed 
release of the peptide inhibitor into a tissue, for example, into bone tissue. 

In one embodiment, a therapeutically effective amount of a peptide of the invention 
is an amount of peptide that inhibits a matrix metalloproteinase to a degree needed to 
inhibit sarcoma or tumor cell growth. In another embodiment, a therapeutically effective 
1 5 amount of a peptide of the invention is an amount of peptide that promotes healthy tissue 
development while inhibiting growth of chondrosarcoma cells. 

For example, when present in a therapeutic or pharmaceutical composition, the 
amount of peptides of the invention can be in the range of about 0.001% to about 75% by 
weight of the composition. For example, the peptides can form about 0.5% to about 60% 
20 by weight of the composition. In an alternative example, the peptides form about 1 .0% to 
about 50% by weight of the composition. 

The therapeutically effective amount of peptide inhibitor necessarily varies with the 
route of administration. For example, a therapeutic amount between 30 to 1 12,000 fig per 
kg of body weight can be effective for intravenous administration. However, the amount of 
25 the peptide inhibitor required for tumor inhibition or destruction will vary not only with the 
route of administration, but also with the nature of the condition being treated and the age 
and condition of the patient, and will be ultimately at the discretion of the attendant 
physician or clinician. 

The dosage and method of administration can vary depending upon the location of 
30 the tissue to be treated and/or upon the size of the tumor(s) or the severity of the cancer. 
Useful dosages of the peptides and peptide conjugates can be determined by correlating 
their in vitro activity, and in vivo activity in animal models described herein. The 
compound can conveniently be administered in unit dosage form; for example, containing 
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about 0.001 fig to about 10 mg, conveniently about 0.01 fig to about 5 mg, more 
conveniently, about 0.10 fig to about 1 mg, and even more conveniently about 1.0 fig to 
500 fig of peptide per unit dosage form. The desired dose may be presented in a single 
dose, as divided doses, or as a continuous infusion. The desired dose can also be 
5 administered at appropriate intervals, for example, as two, three, four or more sub-doses 
per day. One of skill in the art can readily prepare and administer an effective formulation 
from available information using the teachings provided herein. 

The peptide inhibitors of the invention can be formulated as pharmaceutical 
compositions and administered to a mammalian host, such as a human patient in a variety 

10 of dosage forms adapted to the chosen route of administration, i.e., orally or parenterally, 
by intravenous, intramuscular, topical or subcutaneous routes. 

Thus, the peptide inhibitors may be systemicaily administered, for example, 
intravenously or intraperitoneally by infusion or injection. Peptide inhibitors may also be 
locally administered, for example, by infusion or injection into a localized area, or by 

15 implantation of a drug delivery device into an affected area. Solutions of the peptide 
inhibitor can be prepared in water, and optionally mixed with a nontoxic surfactant. 
Dispersions can also be prepared in glycerol, liquid polyethylene glycols, triacetin, and 
mixtures thereof and in oils. Under ordinary conditions of storage and use, these 
preparations may contain a preservative to prevent the growth of microorganisms. 

20 The pharmaceutical dosage forms suitable for injection or infusion or topical 

application can include sterile aqueous solutions or dispersions or sterile powders 
comprising the active ingredient that are adapted for the extemporaneous preparation of 
sterile injectable or infusible solutions or dispersions, optionally encapsulated in liposomes. 
In all cases, the ultimate dosage form must be sterile, fluid and stable under the conditions 

25 of manufacture and storage. The liquid carrier or vehicle can be a solvent or liquid 
dispersion medium comprising, for example, water, ethanol, a polyol (for example, 
glycerol, propylene glycol, liquid polyethylene glycols, and the like), vegetable oils, 
nontoxic glyceryl esters, and suitable mixtures thereof. The proper fluidity can be 
maintained, for example, by the formation of liposomes, by the maintenance of the required 

30 particle size in the case of dispersions or by the use of surfactants. The prevention of the 
action of microorganisms can be brought about by various antibacterial and antifungal 
agents, for example, parabens, chlorobutanol, phenol, sorbic acid, thimerosal, and the like. 
In some cases, one of skill in the art may choose to include isotonic agents, for example, 
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sugars, buffers or sodium chloride. Prolonged absorption of the injectable compositions 
can be brought about by the use in the compositions of agents delaying absorption, for 
example, aluminum monostearate and gelatin. 

Sterile injectable solutions are prepared by incorporating the peptide or peptide 
5 conjugate in the required amount in the appropriate solvent with various of the other 

ingredients enumerated above, as required, followed by filter sterilization. In the case of 
sterile powders for the preparation of sterile injectable solutions, methods of preparation 
include, for example, vacuum drying and the freeze-drying techniques, which yield a 
powder of the active ingredient plus any additional desired ingredient present in the 

10 previously sterile-filtered solutions. 

In some instances, the peptide inhibitors can also be administered orally, in 
combination with a pharmaceutically acceptable vehicle such as an inert diluent or an 
assimilable edible carrier. They may be enclosed in hard or soft shell gelatin capsules, may 
be compressed into tablets, or may be incorporated directly with the food of the patient's 

1 5 diet. For oral therapeutic administration, the peptide inhibitor may be combined with one 
or more excipients and used in the form of ingestible tablets, buccal tablets, troches, 
capsules, elixirs, suspensions, syrups, wafers, and the like. Such compositions and 
preparations should contain at least 0. 1% of active compound. The percentage of the 
compositions and preparations may, of course, be varied and may conveniently be between 

20 about 2 to about 75% of the weight of a given unit dosage form. The amount of active 

compound in such therapeutically useful compositions is such that an effective dosage level 
will be obtained. 

The tablets, troches, pills, capsules, and the like may also contain the following: 
binders such as gum tragacanth, acacia, corn starch or gelatin; excipients such as dicalcium 

25 phosphate; a disintegrating agent such as corn starch, potato starch, alginic acid and the 
like; a lubricant such as magnesium stearate; and a sweetening agent such as sucrose, 
fructose, lactose or aspartame or a flavoring agent such as peppermint, oil of wintergreen, 
or cherry flavoring may be added. When the unit dosage form is a capsule, it may contain, 
in addition to materials of the above type, a liquid carrier, such as a vegetable oil or a 

30 polyethylene glycol. Various other materials may be present as coatings or to otherwise 
modify the physical form of the solid unit dosage form. For instance, tablets, pills, or 
capsules may be coated with gelatin, wax, shellac or sugar and the like. A syrup or elixir 
may contain the active compound, sucrose or fructose as a sweetening agent, methyl and 
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propylparabens as preservatives, a dye and flavoring such as cherry or orange flavor. Of 
course, any material used in preparing any unit dosage form should be pharmaceutically 
acceptable and substantially non-toxic in the amounts employed. In addition, the peptide 
inhibitor may be incorporated into sustained-release preparations and devices. 

Useful solid carriers include finely divided solids such as talc, clay, 
microcrystalline cellulose, silica, alumina and the like. Useful liquid carriers include water, 
alcohols or glycols or water-alcohol/glycol blends, in which the present compounds can be 
dissolved or dispersed at effective levels, optionally with the aid of non-toxic surfactants. 
Adjuvants such as fragrances and additional antimicrobial agents can be added to optimize 
the properties for a given use. 

Thickeners such as synthetic polymers, fatty acids, fatty acid salts and esters, fatty 
alcohols, modified celluloses or modified mineral materials can also be employed with 
liquid carriers to form spreadable pastes, gels, ointments, and the like, for application 
directly to a cancer site within the user. 

The active peptides may be administered topically by any means either directly or 
indirectly to the selected tissue as sprays, foams, powders, creams, jellies, pastes, 
suppositories or solutions. The term paste used in this document should be taken to include 
creams and other viscous spreadable compositions such as are often applied directly to the 
skin or spread onto a prosthetic device, bandage or dressing. Peptides of the invention can 
be covalently attached, stably adsorbed or otherwise applied to a skin covering, prosthetic 
device or wound dressing material. To facilitate healing after surgery, the active peptides 
can be applied directly to target tissues or to implantable prosthetic devices. The 
compositions can be administered by aerosol, as foam or as a mist along with other agents 
directly onto the surgical site, skin or wound. 

The peptides can be administered in a formulation that can include an emulsion of 
the peptide in a wax, oil, an emulsifier, water, and/or a substantially water-insoluble 
material that forms a gel in the presence of water. The formulation provides the desirable 
properties of an emulsion, in that it is spreadable and has the creamy consistency of an 
emulsion, yet that does not break down when subjected to normal sterilization procedures, 
e.g. steam sterilization, because the gel stabilizes the emulsion. It also exhibits better water 
retention properties than a conventional gel because water is held both in the emulsion and 
in the gel. 
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The formulation can also contain a humectant to reduce the partial vapor pressure 
of the water in the cream or lotion to reduce the rate at which the cream or lotion dries out. 
Suitable humectants are miscible with water to a large extent and are generally suitable for 
application to the skin. Polyols are suitable for the purpose. Examples of suitable polyols 
5 may include monopropylene glycol or glycerin (glycerol). The polyol may be present in 
proportions of about 20-50% (by weight) of the total formulation; alternatively the range 
may be, for example, about 30-40%. This relatively high proportion of polyol also ensures 
that if the paste should dry out to any degree, the resulting paste remains soft and flexible 
because the glycerin may act as a plasticizer for the polymer. When the paste is applied on 

10 a bandage, for example, it may therefore still be removed easily from the skin when the 
paste has lost water without the need to cut the bandage off. The polyol also has the 
advantage of functioning to prevent the proliferation of bacteria in the paste when it is in 
contact with the skin or wound, particularly with infected wounds. 

The formulation can include other ingredients. Ingredients that may be used 

15 include: zinc oxide, ichthammol, calamine, silver suphadiazine, chlorhexidine acetate, coal 
tar, chlorhexidine gluconate, salicylic acid, metronidazole or other antibacterial agents, or a 
combination thereof. Other ingredients may also be found suitable for incorporation into 
the cream. 

One example of a wax for emulsion of the present peptides is glyceryl 
20 monostearate, or a combination of glyceryl monostearate and PEG 100 stearate that is 
available commercially as CITHROL GMS/AS/NA from Croda Universal Ltd. This 
combination provides both a wax and an emulsifier (PEG 100 stearate) that is especially 
compatible with the wax, for forming an emulsion in water. A second emulsifier can be 
included in the formulation to increase the stability of the emulsion, for example, a PEG20 
25 stearate, such as CITHROL lOMS that is supplied by Croda Universal Ltd. The total 
concentration of emulsifier in the cream should normally be in the range of from 3-15%. 
Where two emulsifiers are used, one may be present in a greater concentration than the 
other. 

The water-insoluble material forms a gel with the water of the formulation. The 
30 material is therefore hydrophilic but does not dissolve in water to any great extent. The 
material can be a polymeric material that is a water-absorbing non water-soluble polymer. 
However, non-polymeric materials that form gels with water and that are stable at elevated 
temperatures could also be used, e.g. clays such as kaolin or bentonite. Some polymers 
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used in the invention are super-absorbent polymers such as those disclosed in WO- 
92/16245 and that comprise hydrophilic cellulose derivatives that have been partially cross- 
linked to form a three dimensional structure. Suitable cross-linked cellulose derivatives 
include those of the hydroxy lower alkyl celluloses, wherein the alkyl group contains from 
5 1 to 6 carbon atoms, e.g. hydroxyethyl cellulose or hydroxypropylcellulose, or the carboxy- 
celluloses e.g. carboxymethyl hydroxyethyl cellulose or carboxymethylcellulose. An 
example of a polymer that is partially cross-linked is sodium carboxymethylcellulose, 
supplied as AKUCELL X181by Akzo Chemicals B.V. This polymer is a superabsorbent 
polymer in that it may absorb at least ten times its own weight of water. The cross-linked 

10 structure of the polymer prevents it from dissolving in water but water is easily absorbed 
into and held within the three-dimensional structure of the polymer to form a gel. Water is 
lost less rapidly from such a gel than from a solution and this is advantageous in slowing or 
preventing the drying out of the cream formulation. The polymer content of the 
formulation is normally less than 10%, for example, in the range of about 0.5 to about 5.0% 

1 5 by weight, or about 1 .0% to about 2%. 

The formulation may be sterilized and components of the formulation should be 
selected, by varying the polymer content, to provide the desired flow properties of the 
finished product. That is, if the product is to be sterilized, then the formulation should be 
chosen to give a product of relatively high viscosity/elasticity before sterilization. If 

20 certain components of the formulation are not to be sterilized, the formulation can be 
sterilized before addition of those components, or each component can be sterilized 
separately. The formulation can then be made by using sterile conditions to mix each 
sterilized ingredient into the formulation. When components are separately sterilized and 
then mixed together, the polymer content can be adjusted to give a product having the 

25 desired flow properties of the finished product. The emulsion content determines the 
handling properties and feel of the formulation, higher emulsion content leading to 
increased spreadability and creaminess. 

The formulation may be packaged into tubes, tubs or other suitable forms of 
container for storage or it may be spread onto a substrate and then subsequently packaged. 

30 Suitable substrates include dressings, such as implantable devices, film dressings, and 
bandages. 

The invention is further described by the following examples, which are illustrative 
of specific modes of practicing the invention and are not intended as limiting the scope of 
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the invention as defined by the appended claims. 

EXAMPLE 1: Peptide Inhibitors of Matrix Metalloproteinases 
General Materials 

5 All peptides were synthesized by Sigma-Genosys, Inc. The released peptides were 

purified to >95% homogeneity via RP-HPLC by the company. The pooled eluted peak 
material was desalted and lyophilized. Mass Spectroscopy analysis confirmed the peptide 
molecular weight and purity. Unless otherwise noted, all chemicals were purchased from 
Sigma Chemical Corp. or from Fluka Chemical Co. Active MMP-9 enzyme was 
1 0 purchased from Calbiochem. 

Molecular Modeling 

Molecular modeling utilized two visualization programs, Swiss PDB Viewer (Guex 
and Peitsch, 1997) and Rasmol (Sayle and Milner- White, 1995). Model work was 

15 performed on a Compaq PC running Windows 95, as well as a Silicon Graphics, Inc. 

Octane UNIX workstation. Additionally, the Cerius2 molecular package from Molecular 
Simulations, Inc. was utilized on the Octane. Three dimensional structure files were 
downloaded from the Protein Databank as follows (filename, reference): MMP-1 (1FBL, 
Li et aL, 1995), MMP-2 (1GEN, Libson et al., 1995), MMP-8 (1JAO, 1JAN, Grams, et al., 

20 1995; Reinemer et al., 1994), MMP-9 (1MMQ, Browner et al., 1995), TIMP-2/MT-1 MMP 
complex (1BUV, Fernandez-Catalan et al., 1998), TIMP-2 (1BR9, Tuuttila et al., 1998), 
and TIMP-1/MMP complex (1UEA, Gomis-Ruth et al., 1997; Huang et al., 1996; Becker et 
al., 1995). These files were used to analyze the three-dimensional structure of the proteins, 
as well as being the source of primary sequence data. 

25 

Inhibition Assays 

Two enzymatic assays were performed. The first assay measured the enzymatic 
hydrolysis of fluoresceinated collagen by MMP-9 as a function of time. Fluoresceinated 
collagen (Molecular Probes, Inc.), at a concentration of 5 \jM was added to reaction buffer 
30 (50 mM Tris- HC1 (pH 7.6), 150 mM NaCl, 5 mM CaCl 2 , 0.1 mM NaN 3 ) and was placed 
into a Spectrosil™ quartz fluorimeter cuvette. MMP, at a concentration of 0. 1 ^M, was 
mixed with varying amounts of peptide and incubated at 25 °C for 10 minutes in order to 
affect binding. The protein mixture was added to the collagen substrate, and was quickly 
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mixed. Fluorescence emission intensity at 520 nm was measured as a function of time 
(excitation wavelength 495 nm) in a Shimadzu RF5301 fluorimeter (Lakowicz, 1983). The 
fluorescein release assay was used to determine the inhibitory constant (Ki) of the peptide 
inhibitor ([I]) according to Segel (1993) via the use of Dixon plots (1/v vs. [I]), such that: 

5 

slope = Km / (Vmax Ki [S]) (1) 

where Km is the Michaelis constant, Vmax is the reaction maximum velocity, and [S] is 
the substrate concentration. 

10 The second assay utilized the technique of fluorescence resonance energy transfer 

(FRET). The substrate peptide (Calbiochem) of seven amino acids was coupled to a 
carboxyl terminal dinitrophenyl acceptor, and an amino terminal 2-aminobenzo- 
anthraniloyl (Abz) moiety donor. Cleavage of this substrate by MMP-9 resulted in the 
liberation of a fluorescent product (365 nm excitation, 450 nm emission). Peptide at a 

1 5 concentration of 5 was added to reaction buffer (50 mM Tris- HC1 (pH 7.6), 1 50 mM 
NaCl, 5 mM CaCk, 0. 1 mM NaN3) and the mixture was placed into a black 96-well 
microtiter plate well that had been previously blocked with 1% BSA. MMP at a 
concentration of 0.1 was mixed with varying amounts of either the 9-mer (SEQ ID 
NO: 12), the 10-mer (SEQ ID NO: 13), or the 19-mer (SEQ ID NO: 1 1) peptide and 

20 incubated at 25 °C for 10 minutes in order to effect binding. The protein mixture was 

added to the fluorescent peptide substrate, and was quickly mixed. Fluorescence intensity 
as a function of time was measured with a Dynex MFX fluorescence microtiter plate 
reader. Fluorescence intensity was related back to moles of peptide cleaved by producing a 
standard curve with an Abz containing non-FRET peptide. Inhibitory constants were 

25 derived from the curves as above. Other matrix metalloproteinase enzymes were tested in 
a similar manner utilizing specific substrate FRET peptides (all from Calbiochem). 

Anti-activation Assay 

The assay measured how much proenzyme was converted into mature matrix 
30 metalloproteinase. Proenzyme pro-MMP-9 (100 jig) was mixed with 0.5 fig of stromilysin 
in PBS. The reaction was incubated at 35 °C. Aliquots were removed from the reaction 
over an 80 minute time course. Each aliquot was mixed with EDTA to a final 
concentration of 1 mM, injected onto a BioSelect 125 HPLC column and chromatographed 
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in PBS. The zero (injection) time point was a single peak that elutes from the column in 
approximately 750 seconds. This peak reduced in size as a function of time, and two new 
peaks appeared. The first peak eluted at approximately 800 seconds, and represented the 
mature form of MMP-9. The second peak eluted at approximately 1 100 seconds, and 
5 corresponded to the N-terminal pro-domain fragment. Peak areas were determined by 
integrating over the elution profile, and the percent area changes were plotted. 

Isothermal titration calorimetry 



10 from MicroCal, Inc. Titrations were carried out by injecting 5 ^iL of an inhibitor peptide 
solution (at concentration ranges from 0.5 mM to 2.0 mM) into the 1 .4 mL stirred reaction 
cell. MMP-9 ranged in concentration from 50 to 80 nM in the cell. Both the inhibitor and 
the enzyme were in 20 mM sodium cacodylate (pH 5.5-7.0), 40 mM NaCl, or 20 mM Tris- 
HC1 (pH 7.0-7.5), 40 mM NaCl. Titrations were conducted between 20 °C and 40 °C. 

15 Typical experimental conditions for the titrations were a 10 second injection period 
followed by a 240 second delay between injections for a total of 40 injections. Blank 
titrations of inhibitor peptide into buffer were performed in order to correct for heats of 
dilution and mixing. 



20 binding experiment evaluations. The analytical solution for the total heat was determined 
by (Freire et al., 1990): 



25 where Q is the total heat, V is the cell volume, ? H is the enthalpy, M is the macromolecule 
concentration (the binding partner in the cell), n is the binding stoichiometry, L is the 
ligand concentration (the binding partner in the syringe), and K is the association constant. 
Data were fit to this model using Origin version 5 (MicroCal, Inc.). 

30 Surface Plasmon Resonance 

The BiaCore-X surface plasmon resonance (SPR) device (BiaCore, Inc.) was 
utilized to measure the interaction between the 19-mer (SEQ ID NO: 11) peptide (P) and 
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MMP-9. For these experiments a carboxymethyl dextran sensor chip (CM-5, Lofas et al., 
1993) was activated with 50 mM N-hydroxysuccinimide, 0.2 M N-ethyl-N*- 
(dimethylaminopropyl)-carbodiimide at a flow rate of 10 per minute for ten minutes. 
MMP-9 at a concentration of 75 ng/jiL was coupled to the activated surface at a flow rate 
5 of 10 nL per minute for ten minutes. The final surface was inactivated by flowing 1 M 
ethanolamine-HCl at a rate of 10 \iL per minute for five minutes over the sensor surface. 
The 19-mer (SEQ ID NO: 1 1) peptide was flowed over the sensor surface at a rate of 20 \*L 
per minute, and at concentrations that ranged from 10 to 50 nM. The association and 
dissociation phases of the binding isotherms were smoothed by an automated FFT routine 
10 prior to modeling rate constants. Binding isotherms were evaluated by simultaneously 
fitting the forward (ka) and reverse (ka ) rate constants to: 

d[P~MMP-9] /dt = (ka [P] [MMP-9]) - (ka [P-MMP-9]) (3) 

15 (Karlsson and Fait, 1997) where [P], [MMP-9], and [P-MMP-9] are the concentrations of 
free peptide, free MMP-9, and the complex respectively. The equilibrium affinity constant 
(K A ) is then defined as: 

K^ka/kd (4) 

20 Equation 3 is properly expressed in terms of the SPR signal (Morton et al., 1995) as: 

dR/dt = k a C - (ka C + kd)R (5) 

where R is the SPR signal (in response units, RU) at time t, Rmax is the maximum MMP-9 
25 binding capacity in RU, and C is the chelating peptide concentration. Kinetic analysis 
(O'Shannessy et al., 1993) was performed using Origin from Microcal, Inc. 

Viability Assays 

The relative toxicity of the 9-mer (SEQ ID NO: 12), the 10-mer (SEQ ID NO: 13) 
30 and the 19-mer (SEQ ID NO: 1 1) peptides was assayed using the skin model Epiderm™ 
from MatTek Corp. The individual skin sample containers were preincubated in culture 
medium at 37 °C, 5% CO2 for two hours prior to the addition of the peptides. The sample 
containers were transferred to 6 well plates that contained fresh media. All peptides were 
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dissolved in PBS at a final concentration of 10 mM, and 100 each peptide solution was 
pipetted onto the surface of the Epiderm sample container. Incubation was continued for 
12 hours at 37 °C, 5% CO2. After the incubation period, the sample containers were 
washed three times with PBS and the sample containers were transferred to a 24 well plate 
5 that contained 300 ^iL of MTT assay media per well (MTT concentration was 1 mg/mL). 
The colorimetric assay was allowed to develop for three hours (incubation at 37 °C, 5% 
CO2). Sample containers were then transferred to a 24 well culture plate that contained 
2 mL of isopropanol per well. Extraction of the colored precipitate occurred over a period 
of four hours at room temperature. Absorbance readings were taken at 570 nm and 650 nm 
10 for each sample. The percent viability of each sample relative to a PBS control was 
calculated as: 

100 x (OD 57 o sam - ODtfo*™) / (ODsto 000 - OD 65 o con ) (6) 
Routinely, the peptide sample was assayed in triplicate. 

15 

Results 

The sequence of matrix metalloproteinase-2 (SEQ ID NO: 14) is provided below to 
facilitate definition of the various domains and regions in matrix metalloproteinases. 



20 


1 


MEALMARGAL 


TGPLRALCLL 


GCLLSHAAAA 


PSPIIKFPGD 




41 


VAPKTDKELA 


VQYLNTFYGC 


PKESCNLFVL 


KDTLKKMQKF 




81 


FGLPQTGDLD 


QNTIETMRKP 


RCGNPDVANY 


NFFPRKPKWD 




121 


KNQITYRIIG 


YTPDLDPETV 


DDAFARAFQV 


WSDVTPLRFS 




161 


RIHDGEADIM 


INFGRWEHGD 


GYPFDGKDGL 


LAHAFAPGTG 


25 


201 


VGGDSHFDDD 


ELWTLGEGQV 


VRVKYGNADG 


EYCKFPFLFN 




241 


GKEYNSCTDT 


GRSDGFLWCS 


TTYNFEKDGK 


YGFCPHEALF 




281 


TMGGNAEGQP 


CKFPFRFQGT 


SYDSCTTEGR 


TDGYRWCGTT 




321 


EDYDRDKKYG 


FCPETAMSTV 


GGNSEGAPCV 


FPFTFLGNKY 




361 


ESCTSAGRSD 


GKMWCATTAN 


YDDDRKWGFC 


PDQGYSLFLV 


30 


401 


AAHEFGHAMG 


LEHSQDPGAL 


MAPIYTYTKN 


FRLSQDDIKG 




441 


IQELYGASPD 


IDLGTGPTPT 


LGPVTPEICK 


QDIVFDGIAQ 




481 


IRGEIFFFKD 


RFIWRTVTPR 


DKPMGPLLVA 


TFWPELPEKI 




521 


DAVYEAPQEE 


KAVFFAGNEY 


WIYSASTLER 


GYPKPLTSLG 
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541 LPPDVQRVDA AFNWSKNKKT YIFAGDKFWR YNEVKKKMDP 
601 GFPKLIADAW NAIPDNLDAV VDLQGGGHSY FFKGAYYLKL 
641 ENQSLKSVKF GSIKSDWLGC 



5 A robust pairwise alignment of the cleavage region of nine MMP amino acid 

sequences was calculated using the program CLUSTAL™ (Higgins et al., 1992). This 
alignment defined the positions of both conserved and nonconserved amino acids that 
flanked the activation proteinase cleavage site. An arbitrary number of N-terminal amino 
acids, as well as the number of amino acids C-terminal to the activation cleavage site were 

10 picked for the alignment. The alignment of MMP sequences (Table 1) shown in Figure 1 
indicated that all of the MMP activation regions can be aligned in a statistically significant 
manner. The regions chosen for the alignment roughly corresponded to amino acids 70- 
120, assuming an average MMP structure of signal sequence was amino acids 1-20, the 
propeptide domain was amino acids 21-100, and the mature active enzyme was from amino 

15 acids 101 to the end. The 19-mer (SEQ ID NO: 1 1) sequence that was chosen for study is 
contained within the alignment region. Specifically, in MMP-2 the 19-mer (SEQ ID 
NO:l 1) corresponds to amino acids 100-1 18. 

Alignment of the MMP sequences indicated that the central region of the activation 
domain, PRCGVPDV (SEQ ID NO: 1), is highly conserved and that there is a larger degree 

20 of sequence variation flanking this area. The sequence heterogeneity can be used to design 
peptide sequences that inhibit specific MMP enzymes, or combinations of MMPs, simply 
by choice of matrix metalloproteinase-specific amino acids (based on this alignment). In 
addition the length of a particular peptide can be varied in order to modulate potency. 

The three dimensional structure of proMMP-1 is provided in Figure 2, indicating 

25 that the activation regions shown in Table 1 and Figure 1 each constitute a bridge that 
interconnects two large globular domains. The cleavage region is defined as a short 
unstructured domain that connects the propeptide domain to the active enzyme domain. 
This sequence is cleaved in two as part of the activation step. It is also the region that is 
sensitive to HgCl 2 mediated activation in vitro, 

30 Activation removes the steric block (that was the propeptide domain) uncovering 

the mature enzyme active site. The N-terminal end is in proximity to the catalytic zinc ion, 
which is absolutely required for enzymatic activity. The structure of active MMP-9 is 
shown in Figure 3, with the zinc ions depicted as solid balls. The second zinc is a structural 
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ion, that is, it contributes to protein stability, but not to catalysis. The C-terminal half of 
the 19-mer (SEQ ID NO: 1 1) peptide is now the enzyme's extreme amino terminus, shown 
to the left of Figure 3 as an ascending portion of the last loop (in crosshatching). Modeling 
of the activation domain peptide to the surface of the activated MMPs indicates that the 
5 peptide (especially if longer N-terminal regions are included) can interact with the active 
site region, in effect, blocking substrate access to the active site. In that manner it may act 
as a mini pro-domain or enzymatic "cap." 

It is known that enzymes can be proteolyzed into fragments and these fragments 
can be reconstituted to regenerate active enzyme. The various peptide domains reassemble 
10 and are held together by noncovalent intermolecular forces. A classic example of such a 
peptide-protein interaction involves the ribonuclease S-peptide/ribonuclease S-protein 
interaction (Levit and Berger, 1976). The ribonuclease S- peptide binds to the S-protein in 
its proper position and the resulting complex restores the enzymatic activity of RNAse-S. 

According to the invention, the activation domain peptides may rebind to the 
1 5 activated MMP in the area where they occur in the proMMP forming an inactive complex. 
Such binding can be measured (see below). Moreover, the 19-mer (SEQ ID NO: 1 1) 
peptide may ligand the zinc through its cysteine residue, again preventing catalysis. 

Inhibition of MMP enzymatic activity 

20 The first inhibition studies were performed with a 19 amino acid peptide (SEQ ID 

NO: 11) that was derived from the MMP-2 cleavage domain region. This peptide was 
selected from the area of the CLUSTAL alignment that demonstrated the highest degree of 
conservation. The selected 19-mer (SEQ ID NO: 1 1) is strictly conserved at the N- 
terminus, but shows a high degree of variability in the C-terminus. Two smaller peptides 

25 that represent the N-terminal and C-terminal halves of this peptide were also tested. The 
two halves roughly divide the peptide into the conserved N-terminal portion (9-mer (SEQ 
ID NO: 12)) and the non conserved C-terminal portion (10-mer (SEQ ID NO: 13)). This 
allows for testing not only for the overall efficacy of inhibition, but also for sequence 
selectivity. 

30 

19-mer : 

9- mer : 

10- mer : 



PRCGNPDVANYNFFPRKPK (SEQ ID NO: 11) 

PRCGNPDVA (SEQ ID NO: 12) 

NYNFFPRKPK (SEQ ID NO: 13) 
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All three peptides were capable of inhibiting MMP-9 in either fluorescence based assay. In 
all cases studied, the 19-mer (SEQ ID NO: 1 1) was a better enzymatic inhibitor than were 
the two half peptides. The 9-mer (SEQ ID NO: 12) was a more effective inhibitor than the 
5 C-terminal 10-mer (SEQ ID NO: 13) peptide. These results indicate that the cysteine may 
be needed because it acts as a zinc ligand or that N-terminal regions are required to effect 
the steric blocking of the enzyme active site. This hypothesis may be tested by producing 
inhibitor peptides that contain more N-terminal sequence (meaning amino acids before 
residue 100). A typical inhibition plot of MMP-9 titrated with the 19-mer (SEQ ID NO: 1 1) 

10 is shown in Figure 4. 

Similar inhibition analyses performed with the 10-mer (SEQ ID NO: 13) and the 9- 
mer (SEQ ID NO: 12) peptides are shown in Figures 5 and 6 respectively. Each peptide 
was capable of inhibiting MMP-9 in the FRET-based assay, with inhibitor constants (Ki's) 
ranging from 45.2 to 327.7 ^M (see Table 4). The choice of substrate (FRET peptide or 

1 5 fluoresceinated collagen) made little difference in the relative inhibition of the three 

peptides, with a consistent trend as follows: 19-mer (SEQ ID NO: 1 1) > 9-mer (SEQ ID 
NO: 12) > 10-mer (SEQ ID NO: 13). Typical reaction plots for titrating MMP-9 with the 
peptides are shown in Figures 7-9. 

Inhibitor constants were slightly lower overall for the collagen substrate, ranging 

20 from 30.3 to 221.3 pM for collagen and 45.2 to 327.7 pM for the FRET-peptide. These 
data indicate that the peptides are somewhat more effective inhibitors when a collagen 
substrate is utilized, suggesting that the inhibitor peptide blocks the active site and that, 
because collagen is significantly larger than the FRET-peptide substrate, it is easier to 
prevent its access to the enzyme active site. The smaller FRET-peptide substrate may more 

25 readily gain access the active site, even in the presence of an inhibitor peptide. 

Typically, enzymatic assays (e.g., as shown in Figures 4-7) were conducted for 30- 
40 minutes. However, extended time assays showed that the 19-mer (SEQ ID NO: 1 1) 
effectively inhibited the MMP-9 catalyzed hydrolysis of collagen for periods of time 
beyond 1000 minutes (Figure 8). The 10-mer (SEQ ID NO: 13) peptide was less effective 

30 at preventing the destruction of collagen at long time points (Figure 9) than is the 9-mer 

(SEQ ID NO: 12) peptide (Figure 10). Again the 19-mer (SEQ ID NO: 1 1) peptide showed 
the greatest degree of inhibition. 
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Similar enzymatic studies were performed on other MMP enzymes to test the 
effectiveness of the 19-mer (SEQ ID NO: 1 1) peptide. These assays utilized FRET peptides 
that incorporated specific MMP cleavage sites into their sequences. The 19-mer (SEQ ID 
NO: 11) peptide was capable of potently inhibiting multiple MMPs. The effectiveness of 
5 the 19-mer (SEQ ID NO: 1 1) peptide against the various MMPs was as follows: MMP-2 > 
MMP-3 > MMP-8 > MMP-7 > MMP-9 > MMP-1, with inhibitor constants that ranged 
from 3. 1 nM (MMP-2) to 41 . 1 ^M (MMP-1). These data are summarized in Table 4. 



Table 4. Summary of inhibitor data 



Peptide 


Enzyme 


Substrate 


Ki(uM) 


19-mer (SEQ ID NO: 11) 


MMP-9 


Collagen 


30.3 


9-mer(SEQIDNO:12) 


MMP-9 


Collagen 


185.9 


10-mer(SEQIDNO:13) 


MMP-9 


Collagen 


221.3 


19-mer (SEQ ID NO: 11) 


MMP-9 


FRET peptide 


45.2 


9-mer(SEQIDNO:12) 


MMP-9 


FRET peptide 


232.8 


10-mer(SEQIDNO:13) 


MMP-9 


FRET peptide 


327.7 


19-mer (SEQ ID NO: 11) 


MMP-1 


FRET peptide 


41.1 


19-mer (SEQ ID NO: 11) 


MMP-2 


FRET peptide 


3.1 


19-mer (SEQ ID NO: 11) 


MMP-3 


FRET peptide 


6.4 


19-mer (SEQ ID NO: 11) 


MMP-7 


FRET peptide 


22.8 


19-mer (SEQ ID NO: 11) 


MMP-8 


FRET peptide 


12.5 



10 

Anti-Splicing activity of the 19-mer (SEQ ID NO: 11) peptide: 

MMPs are biosynthetically produced in an inactive proenzyme form. Proteolytic 
cleavage of the proenzyme, often by a separate class of membrane bound MMPs, results in 
MMP activation. The proenzyme leader sequence is approximately 100 amino acids in 

15 length (it varies somewhat from MMP to MMP) and is found at the extreme amino 

terminus of the protein. Inhibition of proenzyme activation may be a fruitful method of 
lowering the activity of MMP enzymes in chronic wounds. If these enzymes are incapable 
of functioning, the rate of extracellular matrix (ECM) degradation will be reduced, which 
in turn may result in faster rates of chronic wound healing. 

20 Clearly the activation domain peptides (the 1 9-mer (SEQ ID NO: 1 1), the 9-mer 

(SEQ ID NO: 12), and the 10-mer (SEQ ID NO: 13)) inhibit the enzymatic activity of a 
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variety of MMPs. In addition to this activity, the 19-mer (SEQ ID NO: 1 1) peptide prevents 
the activation of the pro (inactive) form of MMP-9. Thus the 19-mer (SEQ ID NO:l 1) 
peptide can lower the overall level of MMP activity in the skin and within chronic wound 
exudate by inhibiting already activated MMPs or by preventing the activation of newly 
5 synthesized pro-MMPs. 

Figure 1 1 shows a typical splicing assay. The first peak, eluting at approximately 
700 seconds, is pro-MMP-9. As the splicing reaction proceeds, this peak decreases in 
intensity (as marked with the downwards arrow), and two new peaks appear. The first new 
peak, eluting at approximately 800 seconds, is mature and active MMP-9. The second new 

10 peak, eluting at approximately 1050 seconds, is the prodomain. As the splicing reaction 
proceeds, the intensity of these two peaks increases (as marked with the upwards arrows). 
When the reaction is complete, there is no detectable pro-MMP-9 remaining. Titrating the 
standard splicing reaction with the 19-mer (SEQ ID NO: 1 1) peptide prevents the 
conversion of pro-MMP-9 into the prodomain and the active enzyme. Figure 12 shows the 

1 5 results of this titration. Splicing can be inhibited in a dose dependent manner with 
micromolar 19-mer (SEQ ID NO:l 1) peptide. 

Isothermal Titration Calorimetry 

Calorimetry was utilized to determine whether or not the 19-mer (SEQ ID NO: 11) 
20 peptide formed a stable non-covalent complex with active MMP-9. These data provide an 
understanding of the mechanism of enzyme inhibition and anti activation properties of the 
19-mer (SEQ ID NO: 11) peptide. Figure 13 shows an isothermal calorimetry experiment 
for the interaction between the 19-mer (SEQ ID NO: 1 1) MMP inhibitor and MMP-9. The 
peptide was dissolved in 20 mM cacodylate (pH 6.8), 20 mM NaCl at a final concentration 
25 of 1 mM. MMP-9 was dialyzed into the same buffer at a final concentration of 20 ^M. A 
series of standard injections were performed as described above. Results for the interaction 
between MMP-9 and the 1 9-mer (SEQ ID NO: 1 1) are as follows: 

Stoichiometry: 0.975 ± 0.02 

30 ? H (kcal/mol): -26. 1 ± 1.45 

?S(calmor l K _1 ): -11.6 ±2.2 

K A (M- ! ): 1.65 x 10 6 ± 4.5 x 10 4 
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These results indicate that the interaction between the 19-mer (SEQ ID NO: 1 1) peptide and 
MMP-9 is enthalpically driven, that is ? H is negative. The reaction is not favored 
entropically as evidenced by the negative value of ? S. However, the enthalpic term is 
larger in magnitude than the term, T? S, hence the overall free energy (? G) is negative. 
5 The 19-mer (SEQ ID NO: 1 1) reaction with MMP-2 was observed and found to be 

enthalpically driven and entropically unfavorable. The isothermal calorimetry analysis 
shown in Figure 1 4 was produced by titration of the 1 9-mer (SEQ ID NO: 1 1 ) with MMP-2 . 
The following values were obtained from these experiments. 



10 Stoichiometry: 0.99 ±0.03 

? H (kcal/mol): -15.4 ± 2.05 

?S (cal mof 1 K' 1 ): -21.1 ± 1.8 

K A (M 1 ): 2.40 x 10 6 ± 3.7 x 10 4 



15 Hence, the binding reactions are entropically unfavorable, possibly because of a 

loss of configurational entropy upon peptide binding. A fully flexible peptide contains a 
large numbers of degrees of freedom that can be constrained in a binding reaction. In all 
binding cases, the peptide to MMP stoichiometry is 1 : 1, which indicates that a single 19- 
mer (SEQ ID NO: 1 1) peptide interacts with a single MMP molecule. 

20 

Surface Plasmon Resonance 

The binding of the 19-mer (SEQ ID NO: 1 1) to MMP-9 was kinetically studied 
using the technique of surface plasmon resonance (SPR). A sensor chip was constructed 
by tethering active MMP-9 to the surface of a BIACore, Inc. CM-5 chip following the 

25 standard chemistries that were recommended by the manufacturer. A solution of the 19- 
mer (SEQ ID NO: 1 1) peptide was passed over the MMP-9 surface in a BIACore-X™ 
instrument. Binding and dissociation were monitored in real time. A typical binding 
isotherm is shown in Figure 15. The association phase (30- 430 seconds) was best fit to a 
single binding site model and resulted in an association rate constant (ka) of 2.2 x 10 4 M~V 

30 1 . The dissociation phase (440- 700 seconds) was similarly fit and resulted in a dissociation 
rate constant (kd) of 4. 1 x 10" 3 s 1 . The calculated equilibrium association constant (Ka = 
ka/kd) of 5.3 x io 6 was in close agreement with the thermodynamic data. There was an 
observed bulk transport effect of approximately 100 response units at the start of the 
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dissociation phase that was not modeled. Thus binding of the 19-mer (SEQ ID NO: 1 1) 
peptide to MMP-9 is both kinetically and thermodynamically favorable. 

Viability Assays 

5 Unlike many small molecule MMP inhibitors, the three peptides in this study were 

not toxic to cells when dosed onto the EpiDerm skin model. Figure 16 shows that peptide 
at two concentrations (500 jiM and 2 mM) resulted in only a slight reduction in viability 
compared to a PBS control. The total average viability of the peptides was 97.6% (for the 
19-mer (SEQ ID NO: 1 1)), 89.6% (for the 10-mer (SEQ ID NO: 13)), and 95.8% (for the 9- 

10 mer (SEQ ID NO: 12)). These results indicate that the inventive therapeutic approach to 
cancer treatment, cancer prevention and wound healing is not toxic to mammalian cells. 
The data plotted in Figure 16 are an average of triplicate samples. The standard deviation 
for the viability ranged from 2.2 to 3.7 for the study and showed no correlation to dose or 
peptide identity. Viability was slightly lower at the higher peptide concentrations. 

15 These results show that the peptides are not toxic in an EpiDerm™ skin model, that 

they are kinetically and entropically favored to form binding complexes with MMPs, and 
that they inhibit enzymatic activity and prevent activation of matrix metalloproteinases. 

EXAMPLE 2: Wound Healing by Peptide Inhibitors 

20 Methods 

Wounds were created in C57BL6/KsJ db/db mice with a 4 mm biopsy punch. The 
mice were obtained from The Jackson Laboratories and were aged 3-7 months before the 
onset of the wounding protocol. All mice were anesthetized prior to wounding. Two 
wounds were introduced onto the upper back of each animal by pulling the skin away from 

25 underlying structures and pushing the punch through the isolated skin. Typically, wounds 
were created to an average depth of 1 .7 mm, with a range of 1 .3 to 2.2 mm. No muscle 
involvement occurred during the course of wounding. Immediately after wounding the 
wounds were treated either with normal saline (to serve as the non treated control group) or 
with 5 jiL of 20 fig/mL 1 9-mer peptide (SEQ ID NO: 1 1). 

30 Each day the wounds were digitally photographed and wound areas were 

determined by computer integration of the photographs. All wound treatments and the 
subsequent data analyses were performed in a blind manner (see e.g., Brown et al., 1994). 
Wound area at the time of wounding (day 0) was arbitrarily set to a relative value of 1 for 
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all wounds; such that subsequent wound areas were converted to relative wound areas by 
dividing the wound area at day n by the wound area at day zero. 

Results: 

5 As can be seen in Figure 1 7, the application of a single dose of the 19-mer peptide 

(at the time of wounding, day zero) greatly accelerated the time to full wound closure in the 
diabetic mouse model. On average, wounds treated with the 19-mer peptide closed in 9 
days post wounding compared to 14 days in the saline treated control. In addition, wounds 
treated with the 19-mer peptide (SEQ ID NO: 11) showed a reduction in wound 
10 inflammation at day one post wounding. Also of note is the observation that the 19-mer 
peptide (SEQ ID NO: 11) treated wounds began the contraction process faster than did the 
saline treated control wounds (day 5 versus day 8). 

EXAMPLE 3: Peptide Inhibitors Inhibit Chondrosarcoma Cell Growth 

1 5 In this experiment the 1 9-mer (SEQ ID NO: 11) peptide was tested to ascertain 

whether it could inhibit growth of chrondrosarcoma cells. 

Materials and Methods 

Human chondrosarcoma cells (SW135 1) were purchased from the American Type 
20 Culture Collection (ATCC No. HTB-94). A frozen vial of cells was thawed by gentle 
agitation in a 37 °C water bath for about 2 minutes. The vial was decontaminated with 
70% ethanol and the cells were transferred to a T75 flask containing pre-warmed 
Leibovitz's L-15 medium (ATCC Catalog No. 30-2008) with 10% fetal bovine serum. The 
culture as incubated at 37 °C until 80% confluence. The culture medium was removed and 
25 the cells were dissociated from the T75 flask using 3 ml 0.25% trypsin, 0.03 mM EDTA at 
37 °C. After incubation for 5 minutes, 8 ml culture medium was added to stop 
trypsinization. The cells were counted with trypan blue and then seeded in 96 well plates 
at a density of about 2500 cells/well. 

The cells were then treated with 10" 6 , 10~ 5 or IV 4 M of the 19-mer (SEQ ID NO:l 1), 
30 the 9-mer (SEQ ID NO: 1 2) or the 1 0-mer (SEQ ID NO: 1 3) peptides. Six separate cell 
cultures were tested at each concentration of each peptide (n=6). Control cells received 
culture medium only. 
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Cell cultures were then incubated at 37 °C in an atmosphere of 5% CCh- Cell 
proliferation was determined after 18 or 72 hr by using the CellTiter 96 Aqueous One 
Solution purchased from Promega (Catalog No. TB245). Briefly, the CellTiter solution 
was wanned up to room temperature. Twenty microliters of the solution was added to each 
5 well. Cells were incubated at 37 °C for 1-2 hours. The absorbance at 490 nm was then 
recorded using a 96 well plate reader. The data were statistically analyzed using a Student 
T test. Differences were considered significant at the level of p<0.05. 

Results 

10 As shown in Figure 1 8, at concentrations of 10" 4 M the 1 9-mer (SEQ ID NO: 1 1) 

and 9-mer (SEQ ID NO: 12) peptides significantly inhibited SW1353 chondrosarcoma cell 
proliferation after 18 hours of incubation. At 18 hr., the 10-mer (SEQ ID NO: 13) did not 
show any significant effect at the three concentrations tested. However, after 72 hours of 
treatment, all three peptides at 10^ M concentration, as well as the 9-mer (SEQ ID NO: 12) 

15 at 10' 5 M concentration, significantly reduced the proliferative activity of the 
chondrosarcoma cells (Figure 19). 

Hence, the peptides of the invention can significantly reduce growth of 
chondrosarcoma cells. 

20 
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referenced patent or publication is hereby incorporated by reference to the same extent as if 
it had been incorporated by reference in its entirety individually or set forth herein in its 
entirety. Applicants reserve the right to physically incorporate into this specification any 
and all materials and information from any such cited patents and publications. 
5 The specific methods and compositions described herein are representative of 

preferred embodiments and are exemplary and not intended as limitations on the scope of 
the invention. Other objects, aspects, and embodiments will occur to those skilled in the art 
upon consideration of this specification, and are encompassed within the spirit of the 
invention as defined by the scope of the claims. It will be readily apparent to one skilled in 

10 the art that varying substitutions and modifications may be made to the invention disclosed 
herein without departing from the scope and spirit of the invention. The invention 
illustratively described herein suitably may be practiced in the absence of any element or 
elements, or limitation or limitations, which is not specifically disclosed herein as essential. 
The methods and processes illustratively described herein suitably may be practiced in 

1 5 differing orders of steps, and that they are not necessarily restricted to the orders of steps 
indicated herein or in the claims. It is also that as used herein and in the appended claims, 
the singular forms "a," "an," and "the" include plural reference unless the context clearly 
dictates otherwise. Thus, for example, a reference to "a host cell" includes a plurality (for 
example, a culture or population) of such host cells, and so forth. Under no circumstances 

20 may the patent be interpreted to be limited to the specific examples or embodiments or 
methods specifically disclosed herein. Under no circumstances may the patent be 
interpreted to be limited by any statement made by any Examiner or any other official or 
employee of the Patent and Trademark Office unless such statement is specifically and 
without qualification or reservation expressly adopted in a responsive writing by 

25 Applicants. 

The terms and expressions that have been employed are used as terms of 
description and not of limitation, and there is no intent in the use of such terms and 
expressions to exclude any equivalent of the features shown and described or portions 
thereof, but it is recognized that various modifications are possible within the scope of the 
30 invention as claimed. Thus, it will be understood that although the present invention has 
been specifically disclosed by preferred embodiments and optional features, modification 
and variation of the concepts herein disclosed may be resorted to by those skilled in the art, 
and that such modifications and variations are considered to be within the scope of this 
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invention as defined by the appended claims. 

The invention has been described broadly and generically herein. Each of the 
narrower species and subgeneric groupings falling within the generic disclosure also form 
part of the invention. This includes the generic description of the invention with a proviso 
or negative limitation removing any subject matter from the genus, regardless of whether or 
not the excised material is specifically recited herein. 

Other embodiments are within the following claims. In addition, where features or 
aspects of the invention are described in terms of Markush groups, those skilled in the art 
will recognize that the invention is also thereby described in terms of any individual 
member or subgroup of members of the Markush group. 
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